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FOREWARD 


The  work  reported  in  this  document  is  authorized  under  TECOM  Test  Directive  No. 
8-CO-1 60-000-030.  It  is  sponsored  by  the  Army  Environmental  Center  in  support  of  a 
Massachusetts  Military  Reservation  Munitions  Emission  Products  Characterization  Study. 

This  summary  report  is  the  first  part  of  a  three-phase  study.  Phase  I,  as  reported 
here,  contains  the  characterization  data  of  eight  simulator  and  pyrotechnic  munitions. 
Phase  II  will  study  five  additional  ordnance  items,  while  Phase  III  is  devoted  exclusively  to 
smoke. 
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EXECUTIVE  SUMMARY 


Dugway  Proving  Ground  (DPG,)  under  the  direction  of  the  U.S.  Army  Environmental 
Center,  has  been  tasked  to  conduct  a  series  of  tests  to  quantify  the  emission  products 
produced  when  training  ordnance  are  used  in  their  tactical  configurations.  This  information 
is  required  to  support  Army  responses  to  regulatory  questions  directed  at  training  and 
testing  as  well  as  to  support,  define,  and/or  possibly  modify  future  Army  training/testing 
practices.  As  an  example,  Administrative  Orders  issued  by  the  U.S.  Environmental 
Protection  Agency  (EPA)  Region  I  severely  restricted  training  operations  at  the 
Massachusetts  Military  Reservation.  The  Administrative  Orders  asserted  that  training 
operations  were  degrading  the  environment  and  endangering  the  sole  source  drinking  water 
aquifer,  thus  putting  the  residents  of  Cape  Cod  at  risk.  The  Army  questioned  the  validity  of 
the  claims  made  by  EPA  but  was  unable  to  provide  sufficient  data  regarding  training  range 
emissions  and  the  fate  and  transport  of  those  emissions  in  the  environment. 

This  summary  report,  as  part  of  a  larger  effort,  evaluates  the  following  eight  training 
ordnances  commonly  in  use:  Ml  17  Simulator  Booby  Trap  Flash,  L594  Simulator  Ground 
Burst,  the  L601  Simulator  Hand  Grenade,  the  L596  Ml  10  Simulator  Flash  Artillery,  the 
D505  155mm  Illumination  Round,  the  L305  Green  Parachute  Signal  Flare,  the  L312  White 
Parachute  Signal  Flare,  and  the  L314  Green  Star  Cluster  Signal  Flare. 

These  items  were  detonated  in  DPG's  thermal  treatment  characterization  facility 
known  as  the  BangBox™.  The  BangBox™  is  a  50-ft  diameter  hemisphere  made  from 
plasticized  fabric,  which  is  kept  rigid  by  a  constant  injection  of  fresh  air  and  a  semirigid 
airlock.  Within  the  test  chamber  are  samplers,  a  steel-lined  detonation  pit,  an  automatically 
regulated  inflation  blower,  environment  control  equipment,  and  a  sampling  tube,  which 
extends  into  the  airlock.  This  attached  airlock  admits  personnel  and  allows  for  the 
movement  of  large  equipment  into  the  chamber.  Real-time  analyzers  are  electronically 
connected  to  a  data  recorder. 

Under  DPG's  guidance,  EPA-approved  laboratories  have  provided  sampling  and 
analysis  support  for  this  characterization  effort.  Contained  in  this  report  are  their  analysis 
data  regarding  total  suspended  particulates,  particulate  matter  less  than  10  microns  in 
diameter,  toxic  metals,  volatile  organic  compounds,  semivolatile  organic  compounds, 
hydrogen  chloride,  carbon  monoxide,  nitrogen  oxides,  sulfur  dioxide,  and  dioxins/furans. 

Based  on  the  measured  concentrations  generated  from  deployment  of  each  of  the 
eight  training  ordnance  items,  average  emission  factors  (in  pounds  pollutant  per  item)  were 
developed  for  each  detected  compound.  Average  emission  factors  were  also  expressed  as 
pounds  pollutant  per  pound  of  energetic  material.  The  results  showed  that  similar  types  of 
compounds  were  produced  by  all  the  items  tested.  However,  the  compound-by-compound 
emissions  varied  between  items,  even  for  similar  training  ordnance.  Overall  assessment  of 
these  tests  is  that  the  results  are  reasonable  and  accurate  based  on  general  observations, 
instrument  calibrations,  and  analysis  of  field  and  laboratory  quality  control  samples. 
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1. 


INTRODUCTION 


Radian  International  LLC  (Radian),  under  contract  with  the  U.S.  Army  Dugway  Proving 
Ground  (DPG),  provided  air  sampling  and  analytical  support  on  behalf  of  the  U.S.  Army 
Environmental  Center  (AEC)  at  the  BangBox  test  facility.  The  AEC  has  developed  a  program 
to  identify  and  quantify  the  emissions  resulting  from  range  operations  that  involve  weapons 
firing  and  the  use  of  pyrotechnic  devices.  The  objective  of  the  testing  was  to  generate 
emission  factors  for  airborne  compounds  associated  with  AEC  training  ordnance.  This  report 
only  delineates  information  related  to  air  emissions.  There  has  been  no  assessment  or 
determination  of  hazard  levels.  However,  the  data  may  be  used  for  air  dispersion  modeling 
and  as  inputs  for  environmental  fate  and  transport  modeling  to  evaluate  health  hazards  and 
risks.  The  Phase  I  testing  was  performed  in  the  BangBox  on  28  March  to  1  April  1998.  The 
airborne  compounds  measured  included: 

•  Total  suspended  particulates  (TSP), 

•  Particulate  matter  less  than  10  microns  (PM10), 

•  Metals, 

•  Volatile  organic  compounds  (VOCs), 

•  Tracer  compound  sulfur  hexafluoride  (SF6), 

•  Semivolatile  organic  compounds  (SVOCs), 

•  Hydrogen  chloride  (HCI)  and  chlorine  (Cl2), 

•  Dioxins/Furans, 

•  Carbon  monoxide  (CO), 

•  Carbon  dioxide  (C02), 

•  Nitrogen  oxides  (NOJ,  and 

•  Sulfur  dioxide  (S02). 

This  report  consists  of  five  volumes.  In  Volume  I,  Section  1 .0  describes  the  BangBox 
test  facility  and  the  testing.  Section  2.0  describes  the  sampling  and  analytical  procedures 
used.  Section  3.0  presents  and  discusses  the  sampling  results  from  the  tests  and  discusses 
the  data  quality  based  on  the  analytical  results.  Section  4.0  presents  conclusions  based  on 
the  analytical  results.  Appendix  l-A  provides  the  analyte  lists  for  this  test  program,  which 
includes  all  compounds  sought.  Appendix  l-B  provides  average  emission  factor  summary  data 
developed  for  each  training  item.  The  sample  calculations  in  Appendix  l-C  show  how 
analytical  data  and  field  data  were  used  to  determine  emission  factors.  Appendix  l-D  contains 
the  components  of  each  item  as  listed  in  the  Munitions  Items  Disposition  Action  System 
(MIDAS).  Volume  II  provides  the  summary  data  for  all  compounds.  Appendix  ll-A  provides 
detailed  emission  factor  results.  Appendix  ll-B  provides  dilution  correction  factor  data  and 
calculations.  Appendices  ll-C  through  ll-l  provide  summary  data  results  for  TSP,  PM10,  metals, 
VOCs  and  tracers,  SVOCs,  HCI/CI2,  dioxins/furans,  and  continuous  emissions  monitoring 
(CEM),  respectively.  Appendix  ll-J  contains  the  field  data  sheets  and  calibration  data  for  the 
sampling  equipment.  Appendix  ll-K  contains  the  sampling  plan  letters  of  instruction  used  for 
these  tests.  Volumes  III,  IV,  and  V  contain  the  analytical  data  reports. 

1.1  Test  Facility  Description 

The  BangBox  test  facility  includes  a  test  chamber,  a  data  acquisition  system  (DAS), 
a  command  post  (CP),  and  an  instrument  building.  The  BangBox  facility  is  a  15.2-m  (50  ft) 
diameter  (1,000  m3)  hemisphere  constructed  of  coated  fabric  anchored  onto  a  concrete  pad. 
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Figure  1 .  Schematic  Drawing  of  BangBox  at  DPG 


A  small  blower  provides  filtered  air  to  keep  the  chamber  inflated  at  a  constant  positive 
pressure.  Figure  1  is  a  schematic  of  this  facility. 

The  resiliency  of  the  inflatable  structure  permits  the  detonation  of  up  to  0.5  lb  TNT 
equivalent  or  burning  of  up  to  approximately  5  lb  of  energetic  material  without  damage  to  the 
structure.  The  chamber's  nominal  volume  holds  substantially  more  than  sufficient  air  for 
complete  combustion,  thus  emulating  actual  open  air  conditions. 

The  BangBox  is  also  equipped  with  an  overpressure  hatch,  which  is  a  weighted  trap 
door  located  in  the  roof  of  the  test  chamber  entryway.  The  hatch  opens  whenever  there  is 
an  overpressure  in  the  BangBox  to  protect  the  structure  from  stress  rupture.  This  hatch  may 
also  be  used  to  purge  the  test  chamber  after  a  test  has  been  completed  or  to  rapidly  purge 
the  chamber  before  testing  begins. 

A  CP  is  maintained  about  550  m  from  the  BangBox  facility  and  contains  the  DAS  file 
server,  remote  DAS  monitors,  the  detonation/ignition  firing  system  firing  station,  and  work 
stations  for  test  support.  The  test  items  are  deployed  remotely;  the  firing  circuit  terminates 
in  a  locked  box  in  the  CP  accessible  only  to  authorized  personnel. 

1.2  Test  Summary 

The  BangBox  tests  included  deploying  the  ordnance  and  monitoring  the  content  of  the 
resultant  plume.  Hand-held  or  mounted  items  that  were  detonated  (e.g.,  simulator  hand 
grenades,  simulator  booby  traps)  were  installed  in  a  frame  and  deployed  remotely  (e.g.,  by 
pulling  strings).  Flares  were  deployed  by  launching  into  a  sand-filled  pit.  No  burn  pans  were 
used,  and  the  BangBox  was  cleaned  between  items  to  remove  any  remaining  residue. 

Table  1  summarizes  the  air  sampling  matrix  for  each  munition  item  tested  as  part  of 
Phase  I.  Two  test  runs  were  void  during  testing,  and  data  results  are  not  included  in  this 
report.  These  test  runs  were  repeated.  Simulator  Booby  Trap  Flash  Ml  17  Run  No.  1  was 
void  because  only  1  of  65  munition  items  fired.  White  Parachute  Signal  Flare  Run  No.  1  was 
void  because  one  of  the  items  did  not  fully  deploy.  Table  2  summarizes  the  munition  item 
constituents  based  on  data  for  each  training  item.  The  data  were  obtained  from  MIDAS. 
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Table  1 .  Sampling  Matrix  for  Phase  I  BangBox  Testing  and  Evaluation 

NEW  I  Number  I  VOC 

Number  per  Item  of  TSP  (TO-14,  SVOC  HCI/C!2  Dioxin/Furan 

Item _ DODIC  of  Trials  (lb)  Items  (Hi-Vol.)  PM1ft  Metals  TO-12)  (8270)  (M-26) _ (8290)  CEM 

Simulator  Booby  L598  1  0.0077  29  2/trial  2/trial  2/trial  3/trial  2/trial  2/trial  2/trial  a 
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Table  2.  Phase  I  Munition  Item  Constituents 


©pixo  wmujojijo 

X 

X 

X 

eJ9pMOd  >|OB|g 

X 

X 

X 

X 

X 

X 

sjeuuojqo 

oinjoipeo 

X 

snjoqdsoqy  pay 

X 

X 

X 

9iejo|i|3 

ujnjsse^od 

X 

jspMOd  umujiuniv 

X 

X 

X 

X 

X 

9;eujojq3  pe0i 

X 

1BOOJBIO 

X 

X 

X 

X 

X 

X 

jn^ns 

X 

X 

X 

X 

X 

X 

aieuaqiqdefg 

Jieqoo 

X 

X 

0j.B|BX0  tunuBg 

X 

apqins  Auoiuquv 

X 

X 

X 

X 

JBpMOd  SS0[0>JOaiS 

X 

ajeuiojqo  uunuBg 

X 

X 

X 

X 

0UJ|OSB0 

X 

01BJi!|\|  uinueg 

X 

X 

X 

X 

X 

ajeuqdAig  psa-| 

X 

X 

X 

9;BJO|qoj9d 

ujnjssBiod 

X 

X 

X 

X 

X 

X 

X 

JBpMOd 

9S0UB6uB|/\] 

X 

japMoy 

ain;sau6e|/\| 

X 

X 

X 

X 

X 

X 

X 

Item 

Simulator  Booby 
Trap  Flash  Ml  17 

Simulator  Flash 
Artillery  Ml  10 

Simulator  Hand 
Grenade 

Simulator  Ground 
Burst 

Green  Star  Cluster 
Signal  Flare 

Green  Parachute 
Signal  Flare 

White  Parachute 
Signal  Flare 

155mm 

Illumination  Round 

5 


Black  Powder  constituents  include  charcoal,  potassium  nitrate,  and  sulfur. 


This  page  intentionally  left  blank. 


2. 


SAMPLING  AND  ANALYTICAL  PROCEDURES 


This  section  discusses  the  equipment  setup  and  the  sampling  and  analytical  procedures 
used  during  this  test  program. 


2.1  Equipment  Setup 

Samples  of  the  gas  inside  the  test  chamber  were  collected  following  each  test.  The 
items  to  be  deployed  were  placed  in  the  center  of  the  chamber.  The  tracer  gas  was  released 
into  the  chamber  at  the  same  time  as  the  deployment  of  the  munition  items.  Ambient 
analyzers  to  measure  TSP/metals,  SVOCs,  PM10,  and  dioxins/furans  are  located  inside  the 
chamber.  These  analyzers  are  configured  so  that  they  can  be  started  remotely.  The  sampling 
rate  was  monitored  remotely  and  recorded  by  DAS.  A  heated  probe  conveys  gases  from  the 
chamber  into  a  manifold  in  the  adjacent  instrumentation  building.  This  manifold  distributes 
the  gases  to  the  continuous  analyzers  (CO,  C02,  HCI,  NOx,  and  S02)  and  manual  samplers 
(VOC  and  SF6  canisters)  in  the  instrumentation  building.  Figure  2  is  a  schematic  of  the 
sampling  equipment  as  it  was  configured  for  the  BangBox  testing. 


2.2  Sampling  and  Analytical  Methods 

The  sampling  and  analytical  methods  for  the  testing  are  described  below.  The  sampling 
and  analysis  methodology  for  each  sample  type  is  summarized  in  Table  3. 

TSP.  The  concentration  of  TSP  was  collected  and  determined  gravimetrically  in 
accordance  with  40  Code  of  Federal  Regulations  (CFR)  50,  Appendix  B.  The  filters  were 
weighed  before  and  after  testing  to  determine  the  net  weight  gain  of  particles  on  each  filter. 
The  concentration  of  the  TSP  was  computed  as  the  mass  of  collected  particles  divided  by  the 
volume  of  air  sampled,  corrected  to  standard  conditions. 

PM10.  The  concentration  of  PM10  was  determined  gravimetrically  in  accordance  with 
40  CFR  50,  Appendix  J.  The  filters  were  weighed  before  and  after  testing  to  determine  the 
net  weight  gain  of  particles  on  each  filter.  The  concentration  of  PM10  was  computed  as  the 
mass  of  collected  particles  divided  by  the  volume  of  air  sampled,  corrected  to  standard 
conditions. 

Metals.  The  material  collected  on  the  quartz  fiber  filter  used  for  the  determination  of 
TSP,  as  discussed  above,  was  used  for  the  determination  of  particulate  metals.  After  the 
filter  was  weighed  to  determine  the  TSP  concentration,  an  aliquot  of  the  TSP  was  digested 
with  concentrated  hydrogen  fluoride  and  nitric  acid  per  U.S.  Environmental  Protection  Agency 
(EPA)  Method  29.  The  digestate  was  then  analyzed  for  mercury  using  cold  vapor  atomic 
absorption  (CVAA)  spectrometry  in  accordance  with  Method  7470  and  all  other  metals  by 
inductively  coupled  argon  plasma  emission  spectrometry  in  accordance  with  Method  6010A. 
Appendix  l-A  presents  the  list  of  target  metals  for  this  test  program. 
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Figure  2.  Sampling  System  Layout 


Table  3.  Sampling  and  Analysis  Methods 


Analytical 

Target 

Sampling 

Equipment 

Sampling 

Method8 

Analytical 

Method 

Laboratory 

TSP 

Particulate  filter 

40  CFR  50 
Appendix  B 

40  CFR  50 
Appendix  B 

Radian 

O 

i 

a. 

PM10  filter 

40  CFR  50 
Appendix  J 

40  CFR  50 
Appendix  J 

Radian 

Metals 

Particulate  filter 

40  CFR  50 
Appendix  B 

40  CFR  60 
Appendix  A 

EPA  Method  29b 

Radian 

VOC 

SUMMA®  canisters 

EPA  Compendium 
Methods  TO- 12 
and  TO- 14 

EPA  Compendium 
Methods  TO-1 2 
and  TO-1 4 

OGI 

Tracer 

compound  (SF6) 

Canisters 

Grab 

GC/Electron 

Capture  Detector 

OGI 

SVOC 

Modified  PS-1 
samplers 

Modified  EPA 
Compendium 
Method  TO-1 3 

SW-846  Method 
8270 

Radian 

hci/ci2 

Mini-impinger 

train 

40  CFR  60 
Appendix  A 

EPA  Method  26 

EPA  Method 

9057 

Radian 

Dioxins/furans 

Modified  PS-1 
sampler 

EPA  Compendium 
Method  TO-9 

SW-846  Method 
8290 

Radian/Triangle 

CO,  C02,  NOx, 
S02,  HCI 

CEM 

40  CFR  60 
Appendix  A 

EPA  Methods  3A, 
6C,  7E,  and  10 

40  CFR  50 
Appendices  A,  C, 
and  F 

None 

■The  sampling  equipment  and  methods  used  during  the  tests  were  based  on  standard  methods,  as  indicated. 

Method  modifications  were  made  if  necessary  to  accommodate  the  testing  characteristics  of  the  BangBox. 
"Analyses  of  TSP. 


CEM 

= 

Continuous  Emissions  Monitor 

CFR 

= 

Code  of  Federal  Regulations 

Cl2 

= 

Chlorine 

CO 

= 

Carbon  Monoxide 

co2 

= 

Carbon  Dioxide 

EPA 

= 

U.S.  Environmental  Protection  Agency 

GC 

= 

Gas  Chromatography 

HCI 

= 

Hydrogen  Chloride 

NOx 

= 

Nitrogen  Oxides 

OGI 

= 

Oregon  Graduate  Institute 

PM10 

= 

Particulate  Matter  less  than  1 0  microns 

S02 

= 

Sulfur  Dioxide 

SVOC 

= 

Semivolatile  Organic  Compound 

TSP 

= 

Total  Suspended  Particulates 

VOC 

= 

Volatile  Organic  Compound 
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VOCs.  Samples  for  the  determination  of  VOCs  were  collected  and  analyzed  using 
procedures  based  on  appropriate  sections  of  EPA  Compendium  Method  TO-14.  Sample  gas 
was  collected  in  evacuated  stainless  steel  SUMMA*  canisters.  Identical  canisters  were  used 
for  each  test  run.  VOCs  were  quantitatively  determined  for  the  VOC  analytes  listed  in 
Appendix  l-A  using  gas  chromatography  (GC)  with  multiple  detectors.  In  addition,  total 
nonspeciated  VOCs  were  determined  using  appropriate  sections  of  EPA  Compendium  Method 
TO-12.  The  tables  in  Appendix  ll-E  include  duplicate  values  for  those  compounds  that  are 
common  for  Method  TO-14  and  TO-12. 

SVOCs.  A  PS-1  sampler  was  used  to  measure  SVOCs  based  on  the  procedure  in  EPA 
Compendium  Method  TO-13.  Sorbent  cartridges  for  the  determination  of  SVOCs  in  air  were 
analyzed  based  on  SW-846  Method  8270.  The  samples  were  collected  using  a  combination 
quartz  filter/adsorbent  cartridge.  The  cartridge  contained  XAD-2  polymeric  resin  beads.  After 
sampling,  the  filters  and  adsorbent  cartridge  were  extracted  with  the  appropriate  solvent(s). 
The  effluent  was  analyzed  by  GC  equipped  with  mass  spectrometry  detection.  Appendix  l-A 
presents  the  target  analytes  for  this  determination. 

HCI/CI2.  Chamber  gases  were  pulled  through  two  sets  of  impingers  in  series  containing, 
respectively,  dilute  sulfuric  acid  and  sodium  hydroxide  solutions  following  the  procedures  in 
EPA  Method  26.  The  analysis  of  each  solution  was  made  using  an  ion  chromatograph 
following  EPA  Method  9057.  HCI  and  Cl2  were  quantified  separately  since  the  HCI  is  trapped 
by  the  sulfuric  acid,  while  the  Cl2  passes  through  the  sulfuric  acid  and  is  absorbed  by  the 
sodium  hydroxide.  Where  applicable,  duplicate  analyses  were  averaged.  HCI  was  also 
measured  by  a  continuous  analyzer. 

Dioxins/Furans.  A  modified  PS-1  sampler  was  used  to  measure  dioxins/furans  based 
on  the  procedure  in  EPA  Compendium  Method  TO-9.  Sorbent  cartridges  for  the  determination 
of  dioxins/furans  in  air  were  analyzed  based  on  SW-846  Method  8290.  The  samples  were 
collected  using  a  quartz  filter  and  adsorbent  cartridge.  The  cartridge  contained  XAD-2  resin 
sandwiched  between  polyurethane  foam  (PUF)  plugs.  After  sampling,  the  filters  and 
adsorbent  cartridge  were  extracted  with  the  appropriate  solvent(s).  The  effluent  was  analyzed 
by  GC  equipped  with  mass  spectrometry  detection.  Individual  isomer  results  were  used  to 
calculate  a  toxicity  equivalence  based  only  on  those  compounds  detected.  Appendix  l-A 
presents  the  target  analytes  for  this  determination. 

CEM.  Real-time  concentrations  of  CO,  C02,  HCI,  NOx,  and  S02  were  collected  via  a 
CEM  system.  The  detonation  gases  were  sampled  for  CO  using  a  nondispersive  infrared 
analyzer,  for  C02  using  an  infrared  analyzer,  for  HCI  using  a  gas  filter  correlation  HCI  analyzer, 
and  for  NOx  using  a  chemiluminescent  NO-nitrogen  dioxide  gas  analyzer.  CO  sampling  was 
conducted  in  accordance  with  40  CFR  60,  Appendix  A,  Method  10  with  an  API  300  CO  real¬ 
time  analyzer.  C02  sampling  was  conducted  in  accordance  with  40  CFR  60,  Appendix  A, 
Method  3A  with  a  TECO  Model  41  C02  real-time  analyzer.  HCI  was  monitored  using  a  TECO 
Model  1 5C  HCI  real-time  analyzer.  NOx  sampling  was  conducted  in  accordance  with  40  CFR 
60,  Appendix  A,  Method  7E  with  an  API  200  NOx  real-time  analyzer.  S02  sampling  was 
conducted  in  accordance  with  40  CFR  60,  Appendix  A,  Method  6C. 


3. 


SUMMARY  OF  SAMPLING  RESULTS 


This  section  summarizes  the  air  sampling  results  from  the  AEC  training  ordnance 
BangBox  tests.  Complete  results  are  presented  in  the  appendices  of  this  volume. 

3.1  Air  Sampling  Results  Summary 

The  test  approach  utilized  replicate  sampling  equipment,  which  is  discussed  in  Section 
2.0,  to  collect  samples  for  the  analysis  of  TSP,  PM10,  metals,  VOC  and  tracer,  SVOC,  HCI/CI2, 
dioxin/furan,  and  CEM  data.  For  those  situations  where  the  same  analytes  were  detected  in 
each  sampling  train,  the  results  were  averaged  to  develop  a  single  concentration.  If  an  analyte 
was  detected  in  one  sample  but  not  detected  in  the  duplicate  sampling  train,  only  the  values 
above  the  detection  limit  were  used  (i.e.,  the  nondetect  results  were  not  used).  Duplicate 
analyses  for  a  component  in  a  sampling  train  (e.g.,  duplicate  lead  analyses  of  a  TSP  sample) 
were  averaged.  Analyte  lists  containing  the  target  compounds  are  provided  in  Appendix  l-A. 
Additional  tables  are  provided  in  Volume  II  in  Appendices  ll-C  through  ll-l,  which  list  the 
results  for  all  compounds  that  were  targeted.  Analytes  that  were  reported  below  their  specific 
detection  limits  are  listed  as  "ND."  Volumes  III,  IV,  and  V  present  the  analytical  data.  A 
chain-of-custody  sheet  is  provided  in  each  volume  to  correlate  field  sample  identifiers  with 
each  respective  trial  and  data  run. 

The  results  from  the  individual  test  runs  were  compared  with  each  other  for 
consistency.  Test  series  where  more  than  one  trial  was  completed  were  averaged.  Average 
values  were  used  to  summarize  the  resulting  emissions  and  to  determine  the  emission  factors. 

An  average  sample  value  (in  parts  per  billion  by  volume  or  mg/m3)  was  determined  for  each 
target  analyte  expressed  at  a  standard  pressure  of  29.92  in.  Hg  and  standard  temperature  of 
68°F. 


Background  measurements  for  all  target  compounds  were  made  each  day  (without 
deploying  an  item)  and  for  VOCs  prior  to  each  test  run.  It  should  be  noted  that  for  the  CEM 
data  (in  Appendix  ll-l),  the  background  concentration  is  the  concentration  in  the  chamber  prior 
to  the  training  ordnance  deployment.  The  test  concentration  data  are  the  average  during 
sampling  (from  deployment  of  the  item  until  the  test  is  completed).  Both  field  and  reagent 
blanks  were  collected  during  field  testing.  Field  blanks  were  treated  as  an  actual  sample. 
Field  blanks  were  collected  by  assembling  and  recovering  one  complete  sampling  system  that 
was  in  the  field  but  without  a  gaseous  sample  being  passed  through  the  sampling  train.  A 
reagent  blank  was  also  collected  for  each  sampling  train  component. 

Replicate  runs  were  performed  for  the  items  with  a  higher  priority  for  testing.  These 
were  the  Simulator  Flash  Artillery,  Simulator  Hand  Grenade,  and  Simulator  Ground  Burst.  The 
variability  between  runs  was  briefly  examined.  The  measured  variation  in  TSP,  PM10,  and  NOx 
was  within  10%  for  the  two  runs  for  the  Simulator  Hand  Grenade  and  the  Simulator  Ground 
Burst.  This  is  within  the  measurement  accuracy  of  the  methods.  However,  these 
measurements  varied  1 5  to  30%  for  the  Simulator  Flash  Artillery.  This  indicates  that  there 
is  variability  in  emissions  produced  for  certain  items. 

The  SVOC  measurements  included  two  sample  collection  procedures  for  those  items 
with  replicate  runs  (Simulator  Flash  Artillery,  Simulator  Hand  Grenade,  and  Simulator  Ground 
Burst).  One  set  of  samples  (standard)  was  collected  using  one  filter  and  one  XAD  cartridge 
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for  each  run.  For  the  second  set  of  samples  (composite),  a  clean  filter  was  used  with  the 
same  XAD  cartridge  for  the  replicate  run.  The  two  filters  and  composite  XAD  were  analyzed 
as  a  single  sample.  The  values  from  the  composite  samples  were  similar  to  the  standard 
samples,  although  some  high  bias  was  observed  in  the  composite  samples  for  some 
compounds.  Based  on  a  brief  examination,  the  positive  bias  was  not  significant  and  was 
within  the  expected  variation  of  the  method. 

The  BangBox  is  not  airtight  and  is  kept  inflated  by  a  fan.  Some  gas  escapes  through 
small  leaks  in  the  structure.  A  tracer  gas  (SF6)  was  released  into  the  BangBox  during  each 
test  run,  and  the  SF6  concentration  was  measured  during  sampling.  The  purpose  of  the  tracer 
measurements  are  to  provide  data  that  are  used  to  quantity  dilution  due  to  air  infiltration. 
Since  the  quantity  of  SF6  was  known,  it  was  possible  to  determine  the  initial  detonation 
plume  volume  and  to  "correct"  sample  concentrations  for  dilution.  Appendix  ll-B  in  Volume 
II  provides  the  tracer  data  and  the  initial  plume  fraction  sampled  for  the  TSP,  PM10,  metals, 
SVOC,  HCI/CI2,  dioxin/furan,  CEM,  and  VOC  data.  A  substantial  portion  of  the  plume  was 
sampled  in  all  test  series.  All  the  dilution  correction  factors  were  greater  than  80%  except 
for  Simulator  Flash  Artillery  Ml  10  Run  No.  1  (78.87%). 


3.2  Emission  Factor  Results  Summary 

Average  emission  factors  (pounds  compound  per  item)  were  developed  for  each 
detected  compound.  Each  emission  factor  was  calculated  by  dividing  the  measured  mass  in 
the  plume  by  the  number  of  items  deployed.  Average  emission  factors  were  also  calculated 
by  dividing  the  measured  mass  in  the  plume  by  the  net  explosive  weight  (NEW). 

Since  many  of  the  compounds  measured  may  be  present  in  ambient  air,  "corrected" 
emission  factors  were  determined  by  subtracting  the  background  concentrations.  The 
emission  factors  were  also  adjusted  (using  the  tracer  data  for  each  run)  to  compensate  for 
dilution  that  occurred  during  sampling.  The  measured  actual  and  background  concentrations 
and  corrected  emission  factors  for  representative  detected  compounds  are  summarized  in 
Tables  4  through  1 1  for  TSP,  PMI0,  metals,  HCI/CI2,  dioxins/furans,  CEM  data,  VOCs,  and 
SVOCs  for  each  item.  Both  of  the  calculated  emission  factors  for  all  compounds  measured 
are  provided  in  the  summary  tables  in  Appendix  l-B.  The  spreadsheets  in  Appendix  ll-A 
(Volume  II)  contain  the  sample  input  parameters,  measured  concentrations  background  and 
blank  data,  and  corrected  and  uncorrected  emission  factors  for  each  run.  The  sample 
calculations  in  Appendix  1-C  also  show  the  basis  for  the  column  headings  in  the  tables  and 
spreadsheets. 

Some  of  the  compounds  measured  were  obviously  products  of  the  detonation.  Others 
were  measured  at  similar  concentrations  in  the  background  sample  or  were  reported  near  the 
analytical  detection  limit.  The  following  categories  were  developed  to  "qualify"  the  reliability 
of  the  calculated  emission  factors. 

A.  Detonation  compound.  This  category  includes  compounds  measured  at  >  10  times 
the  background  level  or  detection  limit. 

B.  Likely  detonation  compound.  This  category  includes  compounds  measured  at  <  10 
and  >5  times  the  background  level  or  detection  limit. 
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Table  4.  Representative  Simulator  Booby  Trap  Flash  Ml  17  Emission  Factors 


Compound 

Measured3 

Theoretical 

Emission 

Factor 

(Ib/item) 

Average® 

Adjusted 

Emission 

Factor 

(Ib/item) 

Notes 

Actual 

Concentration 

(mg/m3) 

Background 

Concentration 

(mg/m3) 

TSP 

3.056E  +  01 

8.255E-02 

NA 

2.872E-03 

Sulfur  Dioxide  (SO,) 

4.233E  +  00 

1.598E-03 

1 .652E-03 

3.987E-04 

Carbon  Monoxide  (CO) 

7.180E-01 

1.403E-01 

NA 

5.444E-05 

Nitrogen  Oxide  (NOJ 

4.954E-01 

1 .860E-02 

NA 

4.492E-05 

Hydrogen  Chloride  (HCI) 

ND 

ND 

8.202E-04 

ND 

See  Note  1 

Metals 

Aluminum 

8.785E-02 

NMd 

NA 

8.279E-06 

See  Note  2 

Antimony 

8.363E  +  00 

7.881  E-04 

Barium 

1 .406E-03 

NMd 

NA 

1 .325E-07 

See  Note  2 

Cadmium 

6.546E-05 

NMd 

NA 

6.169E-09 

See  Note  2 

Chromium 

1.415E-03 

NMd 

NA 

1 .333E-07 

See  Note  2 

Cobalt 

8.600E-05 

NMd 

NA 

8.103E-09 

See  Note  2 

Lead 

2.167E-02 

NMd 

NA 

2.042E-06 

See  Note  2 

Magnesium 

1.819E  +  00 

NMd 

3.23E-05 

1.714E-04 

Manganese 

3.955E-03 

NMd 

NA 

3.726E-07 

See  Note  2 

Phosphorus 

2.264E-01 

NMd 

2.48E-05 

2.1 33E-05 

Volatile  Organic  Compounds  (VOCs)0 

TNMHC 

9.070E-02 

4.600E-02 

NA 

3.81  IE-06 

Acetylene 

1.255E-03 

3.200E-03 

NA 

7.971  E-07 

Benzene 

4.750E-03 

7.000E-04 

NA 

Carbon  Disulfide 

3.460E-02 

1.143E-03 

NA 

2.852E-06 

Ethylene 

8.250E-03 

2.600E-03 

NA 

4.81 7E-07 

Methylene  Chloride 

5.830E-03 

4.948E-04 

NA 

4.548E-07 

Toluene 

3.000E-03 

8.000E-04 

NA 

1 .876E-07 

Semivolatiie  Organic  Compounds  (SVOCs)  I 

2-Methylnaphthalene 

ND 

ND 

NA 

ND 

Acetophenone 

3.623E-04 

2.808E-04 

NA 

7.682E-09 

Butylbenzylphthalate 

3.242E-04 

ND 

NA 

3.055E-08 

Di-n-butylphthalate 

1 .436E-03 

7.766E-04 

NA 

6.214E-08 

Diethylphthalate 

2.532E-04 

4.340E-04 

NA 

ND 

See  Note  3 

Naphthalene 

3.006E-04 

ND 

NA 

2.832E-08 

NA  =  Not  applicable 
ND  =  Nondetect 
NM  =  Not  measurable 

“These  values  represent  concentrations  that  were  measured  only  and  have  not  been  corrected  for  plume  dilution. 
bThese  values  represent  theoretical  mass  balance  calculations  based  on  the  molecular  quantity  found  in  the 
database  for  the  munition  item. 

cThese  values  represent  measured  mass  in  the  plume  less  background  and  corrected  for  dilution  based  on  the  initial 
tracer  concentrations, 
insufficient  material  to  analyze. 

“These  are  VOCs  that  are  common  to  all  eight  munition  items  tested.  A  complete  listing  of  detected  compounds 
that  are  present  is  provided  in  Appendix  l-B  and  ll-A. 

Note  1 :  HCI/CI2  levels  too  low  to  be  reliably  measured. 

Note  2:  Not  an  expected  compound  based  on  database  constituents.  Database  may  not  provide  a  complete  analysis  of  the 
content  of  the  item. 

Note  3:  Not  a  munition  item  compound,  concentrations  higher  in  background. 
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Table  5.  Representative  Simulator  Flash  Artillery  Ml  10  Emission  Factors 


Compound 

Measured3 

Theoretical6 

Emission 

Factor 

(Ib/item) 

Average® 

Adjusted 

Emission 

Factor 

(Ib/item) 

Notes 

Actual 

Concentration 

(mg/m3) 

Background 

Concentration 

(mg/m3) 

TSP 

1.939E  +  01 

ND 

NA 

5.082E-02 

Sulfur  Dioxide  (SO,) 

5.675E-02 

mmmm 

5.26E-05 

1 .455E-04 

Carbon  Monoxide  (CO) 

2.524E  +  00 

wmmm 

NA 

6.270E-03 

Nitrogen  Oxide  (NOv) 

7.375E-01 

4.064E-02 

NA 

1.816E-03 

Hydrogen  Chloride  (HCI) 

7.503E-02 

ND 

1 .73E-02 

ND 

See  Note  1 

Metals 

Aluminum 

1.076E-01 

NMd 

NA 

2.824E-04 

See  Note  2 

Antimony 

1.51 5E-02 

NMd 

NA 

4.002E-05 

See  Note  2 

Barium 

1 .1 68E  +  00 

NMd 

1.82E-02 

3.057E-03 

Cadmium 

NMd 

NA 

2.744E-07 

See  Note  2 

Chromium 

EEESEE 1 

NMd 

NA 

See  Note  2 

Cobalt 

3.293E-04 

NMd 

NA 

8.61 3E-07 

See  Note  2 

Lead 

3.693E-03 

NMd 

NA 

9.672E-06 

See  Note  2 

Magnesium 

5.400E  +  00 

NMd 

8.43E-02 

1 .424E-02 

Manganese 

4.337E-03 

NMd 

NA 

1 .1 33E-05 

See  Note  2 

Phosphorus 

2.107E-03 

NMd 

NA 

5.486E-06 

See  Note  2 

Volatile  Organic  Compounds  (VOCs)8 

TNMHC 

2.267E  +  00 

1.760E-01 

NA 

4.871  E-03 

Acetylene 

7.800E-03 

7.500E-04 

NA 

1 .640E-05 

Benzene 

8.735E-02 

3.100E-03 

NA 

1 .963E-04 

Carbon  Disulfide 

8.522E-03 

5.882E-04 

NA 

1 .843E-05 

Ethylene 

2.045E-02 

3.000E-04 

NA 

4.688E-05 

Methylene  Chloride 

8.685E-03 

9.779E-04 

NA 

1.796E-05 

Toluene 

2.225E-01 

1 .890E-02 

NA 

4.739E-04 

Semivolatile  Organic  Compounds  (SVOCs)  I 

2-Methylnaphthalene 

1 .074E-02 

ND 

NA 

2.804E-05 

Acetophenone 

ND 

1.786E-04 

NA 

ND 

Butylbenzylphthalate 

ND 

ND 

NA 

ND 

Di-n-butylphthalate 

7.337E-04 

1.615E-03 

NA 

ND 

See  Note  3 

Diethylphthalate 

9.944E-05 

2.247E-04 

NA 

ND 

See  Note  3 

Naphthalene 

2.487E-02 

ND 

NA 

6.51 2E-05 

ISIA  =  Not  applicable 
ND  =  Nondetect 
NM  =  Not  measurable 

■These  values  represent  concentrations  that  were  measured  only  and  have  not  been  corrected  for  plume  dilution. 
bThese  values  represent  theoretical  mass  balance  calculations  based  on  the  molecular  quantity  found  in  the 
database  for  the  munition  item. 

cThese  values  represent  measured  mass  in  the  plume  less  background  and  corrected  for  dilution  based  on  the  initial 
tracer  concentrations. 
dlnsufficient  material  to  analyze. 

These  are  VOCs  that  are  common  to  all  eight  munition  items  tested.  Other  compounds  measured  at  higher  levels 
for  this  item.  A  complete  listing  of  detected  compounds  that  are  present  is  provided  in  Appendix  l-B  and  Il-A. 
Note  1 :  HCI/CI2  levels  too  low  to  be  reliably  measured. 

Note  2:  Not  an  expected  compound  based  on  database  constituents.  Database  may  not  provide  a  complete  analysis  of  the 
content  of  the  item. 

Note  3:  Not  a  munition  item  compound,  concentrations  higher  in  background. 
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Table  6.  Representative  Simulator  Hand  Grenade  Emission  Factors 


Compound 

Measured3 

Theoreticalb 

Emission 

Factor 

(Ib/item) 

Average0 
.  Adjusted 
Emission 
Factor 
(Ib/item) 

Notes 

Actual 

Concentration 

(mg/m3) 

Background 

Concentration 

(mg/m3) 

TSP 

1.424E  +  02 

ND 

NA 

8.619E-02 

Sulfur  Dioxide  (S07) 

6.450E-01 

ND 

5.04E-06 

4.510E-04 

Carbon  Monoxide  (CO) 

3.871  E-01 

2.252E-02 

NA 

3.986E-03 

Nitrogen  Oxide  (NO„) 

7.996E  +  00 

3.925E-02 

NA 

5.431  E-03 

Hydrogen  Chloride  (HCI) 

ND 

ND 

2.15E-03 

ND 

See  Note  1 

Metals  1 

Aluminum 

1.408E  +  01 

NMd 

5.28E-03 

8.507E-03 

2.507E-02 

NMd 

NA 

1.590E-05 

See  Note  2 

Barium 

4.949E-02 

NMd 

NA 

2.983E-05 

See  Note  2 

Cadmium 

2.907E-04 

NMd 

NA 

1.754E-07 

See  Note  2 

Chromium 

7.877E-04 

NMd 

NA 

4.750E-07 

See  Note  2 

Cobalt 

4.251  E-04 

NMd 

NA 

2.570E-07 

See  Note  2 

Lead 

1 .782E-03 

NMd 

NA 

1.079E-06 

See  Note  2 

Magnesium 

1.673E  +  01 

NMd 

6.91  E-03 

1.01  IE-02 

Manganese 

1.585E-02 

NMd 

NA 

9.581  E-06 

See  Note  2 

Phosphorus 

1 .964E-02 

NMd 

1 .07E-05 

1.182E-05 

Volatile  Organic  Compounds  (VOCs)8 

TNMHC 

9.160E-02 

2.310E-02 

NA 

4.1 59E-05 

Acetylene 

1.295E-02 

9.500E-04 

NA 

7.294E-06 

Benzene 

2.950E-03 

5.500E-04 

NA 

1 .459E-06 

Carbon  Disulfide 

8.951  E-02 

6.089E-04 

NA 

5.428E-05 

Ethylene 

1 .275E-02 

1.500E-04 

NA 

7.653E-06 

Methylene  Chloride 

6.838E-03 

6.733E-04 

NA 

3.81 6E-06 

Toluene 

1 .600E-03 

5.000E-04 

NA 

6.698E-07 

Semivolatile  Organic  Compounds  (SVOCs) 

2-Methylnaphthalene 

2.530E-04 

ND 

NA 

1.612E-07 

Acetophenone 

6.209E-04 

1 .897E-04 

NA 

2.735E-07 

Butylbenzylphthalate 

1 .489E-03 

ND 

NA 

9.41 7E-07 

Di-n-butylphthalate 

3.892E-03 

ND 

NA 

2.444E-06 

Diethylphthalate 

2.007E-04 

ND 

NA 

1.278E-07 

Naphthalene 

6.1 22E-04 

ND 

NA 

3.879E-07 

NA  =  Not  applicable 
ND  =  Nondetect 
NM  =  Not  measurable 

■These  values  represent  concentrations  that  were  measured  only  and  have  not  been  corrected  for  plume  dilution. 
bThese  values  represent  theoretical  mass  balance  calculations  based  on  the  molecular  quantity  found  in  the 
database  for  the  munition  item. 

cThese  values  represent  measured  mass  in  the  plume  less  background  and  corrected  for  dilution  based  on  the  initial 
tracer  concentrations, 
insufficient  material  to  analyze. 

“These  are  VOCs  that  are  common  to  all  eight  munition  items  tested.  A  complete  listing  of  detected  compounds 
that  are  present  is  provided  in  Appendix  l-B  and  ll-A. 

Note  1 :  HCI/CI2  levels  too  low  to  be  reliably  measured. 

Note  2:  Not  an  expected  compound  based  on  database  constituents.  Database  may  not  provide  a  complete  analysis  of  the 
content  of  the  item. 
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Table  7.  Representative  Simulator  Ground  Burst  Emission  Factors 


Compound 

Measured8 

Theoretical 

Emission 

Factor 

(Ib/item) 

Average® 

Adjusted 

Emission 

Factor 

(Ib/item) 

Actual 

Concentration 

(mg/m3) 

Background 

Concentration 

(mg/m3) 

TSP 

9.907E  +  01 

ND 

NA 

1.064E-01 

Sulfur  Dioxide  (SO;,) 

1.184E-01 

ND 

5.63E-05 

2.654E-04 

Carbon  Monoxide  (CO) 

2.080E  +  00 

2.687E-01 

NA 

4.057E-03 

Nitrogen  Oxide  (NO*) 

4.973E  +  00 

3.974E-02 

NA 

1.008E-02 

Hydrogen  Chloride  (HCI) 

7.324E-02 

ND 

9.05E-03 

ND 

Metals 


Aluminum 


Antimon 


Barium 


Cadmium 


Chromium 

Cobalt 


Lead 


Magnesium 


Manganese 


Phosphorus 


1.749E  +  01 


2.558E-02 


5.871  E-02 


3.575E-04 


1.107E-03 


5.423E-04 


3.726E-03 


2.075E  +  01 


3.277E-02 


5.897E-02 


2.44E-02 


NA 


NA 


NA 


NA 


NA 


NA 


1.71E-05 


1.770E-02 


2.579E-05 


5.871  E-05 
3.608E-07 


1.11 3E-06 


5.541  E-07 


3.808E-06 

2.104E-02 


3.399E-05 


6.081  E-05 


Volatile  Organic  Compounds  (VOCs)® 


TNMHC 

1.580E-01 

2.1 65E-02 

NA 

1.27  IE-04 

Acetylene 

4.445E-02 

7.000E-04 

NA 

4.033E-05 

Benzene 

9.900E-03 

5.500E-04 

NA 

8.696E-06 

Carbon  Disulfide 

5.496E-02 

4.533E-04 

NA 

5.059E-05 

Ethylene 

3.545E-02 

1 .000E-04 

NA 

3.239E-05 

Methylene  Chloride 

8.883E-03 

3.194E-04 

NA 

8.855E-06 

Toluene 

2.500E-03 

6.000E-04 

NA 

1.784E-06 

2-Methylnaphthalene 

3.538E-04 

ND 

NA 

4.140E-07 

Acetophenone 

6.804E-04 

1 .897E-04 

NA 

5.907E-07 

Butylbenzylphthalate 

1.781E-03 

ND 

NA 

2.1 58E-06 

Di-n-butylphthalate 

2.408E-03 

ND 

NA 

2.925E-06 

Diethylphthalate 

2.278E-04 

ND 

NA 

2.665E-07 

Naphthalene 

1.146E-03 

ND 

NA 

1.382E-06 

See  Note  1 


See  Note 


See  Note 


See  Note 


e_ 

e 


See  Note 


See  Note 


NA  =  Not  applicable 
ND  =  Nondetect 
NM  =  Not  measurable 

•These  values  represent  concentrations  that  were  measured  only  and  have  not  been  corrected  for  plume  dilution. 
bThese  values  represent  theoretical  mass  balance  calculations  based  on  the  molecular  quantity  found  in  the 
database  for  the  munition  item. 

•These  values  represent  measured  mass  in  the  plume  less  background  and  corrected  for  dilution  based  on  the  initial 
tracer  concentrations. 

"Insufficient  material  to  analyze. 

'These  are  VOCs  that  are  common  to  all  eight  munition  items  tested.  A  complete  listing  of  detected  compounds 
that  are  present  is  provided  in  Appendix  l-B  and  ll-A. 

Note  1 :  HCI/Clj  levels  too  low  to  be  reliably  measured. 

Note  2:  Not  an  expected  compound  based  on  database  constituents.  Database  may  not  provide  a  complete  analysis  of  the 
content  of  the  item. 
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Table  8.  Representative  Green  Star  Cluster  Signal  Flare  Emission  Factors 


Compound 

Measured8 

Theoretical11 

Emission 

Factor 

(Ib/item) 

Average0 

Adjusted 

Emission 

Factor 

(Ib/item) 

Actual 

Concentration 

(mg/m3) 

Background 

Concentration 

(mg/m3) 

TSP 

3.072E  +  01 

3.893E-02 

NA 

7.508E-02 

Sulfur  Dioxide  (SO,) 

2.268E-03 

2.445E-03 

5.53E-03 

ND 

Carbon  Monoxide  (CO) 

4.242E  +  00 

2.661  E-01 

NA 

9.689E-03 

Nitrogen  Oxide  (NOJ 

6.984E-01 

4.099E-02 

NA 

1 .602E-03 

Hydrogen  Chloride  (HCI) 

7.1 65E-02 

ND 

2.97E-03 

ND 

Metals 

Aluminum 

1 .01 1 E-02 

NMd 

7.71  E-06 

2.473E-05 

Antimony 

5.252E-04 

NMd 

1 .38E-05 

1 .285E-06 

Barium 

5.109E-01 

NMd 

8.03E-03 

1.250E-03 

Cadmium 

3.421  E-05 

NMd 

NA 

8.372E-08 

Chromium 

2.643E-03 

NMd 

1 .65E-04 

6.469E-06 

Cobalt 

3.134E-04 

NMd 

9.38E-06 

7.668E-07 

Lead 

7.961  E-04 

NMd 

2.37E-05 

1 .948E-06 

Magnesium 

3.1 18E  +  00 

NMd 

1 .03E-02 

7.631  E-03 

Manganese 

6.595E-03 

NMd 

NA 

1.614E-05 

Phosphorus 

2.547E-03 

NMd 

NA 

6.232E-06 

Volatile  Organic  Compounds  (VOCs)e 

TNMHC 

1.486E-01 

3.600E-02 

NA 

2.535E-04 

Acetylene 

2.570E-02 

8.000E-04 

NA 

5.606E-05 

Benzene 

8.500E-03 

1 .000E-03 

NA 

1.689E-05 

Carbon  Disulfide 

9.335E-03 

1 .684E-03 

NA 

1 .723E-05 

Ethylene 

2.380E-02 

2.000E-04 

NA 

5.31 3E-05 

Methylene  Chloride 

4.1 53E-02 

2.283E-04 

NA 

9.298E-05 

Toluene 

4.300E-03 

2.200E-03 

NA 

4.728E-06 

|  Semivolatile  Organic  Compounds  (SVOCs) 

2-Methylnaphthalene 

2.725E-04 

ND 

NA 

6.669E-07 

Acetophenone 

5.830E-04 

2.708E-04 

NA 

7.641  E-07 

Butyl  benzy  1  phthalate 

ND 

ND 

NA 

ND 

Di-n-butylphthalate 

1 .302E-03 

1 .357E-03 

NA 

ND 

Diethylphthalate 

8.956E-04 

3.475E-04 

NA 

1.342E-06 

Naphthalene 

6.994E-04 

2.995E-04 

NA 

9.786E-07 

See  Note  2 


See  Note  3 


See  Note  3 


NA  =  Not  applicable 
ND  =  Nondetect 
NM  =  Not  measurable 

aThese  values  represent  concentrations  that  were  measured  only  and  have  not  been  corrected  for  plume  dilution. 
“These  values  represent  theoretical  mass  balance  calculations  based  on  the  molecular  quantity  found  in  the 
database  for  the  munition  item. 

cThese  values  represent  measured  mass  in  the  plume  less  background  and  corrected  for  dilution  based  on  the  initial 
tracer  concentrations, 
insufficient  material  to  analyze. 

•These  are  VOCs  that  are  common  to  all  eight  munition  items  tested.  A  complete  listing  of  detected  compounds 
that  are  present  is  provided  in  Appendix  l-B  and  ll-A. 

Note  1:  Not  a  munition  item  compound,  concentrations  higher  in  background. 

Note  2:  HCI/CI2  levels  too  low  to  be  reliably  measured. 

Note  3:  Not  an  expected  compound  based  on  database  constituents.  Database  may  not  provide  a  complete  analysis  of  the 
content  of  the  item. 
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Table  9.  Representative  Green  Parachute  Signal  Flare  Emission  Factors 


Compound 

Measured3 

Theoretical 

Emission 

Factor 

(Ib/item) 

Average0 

Adjusted 

Emission 

Factor 

(Ib/item) 

Notes 

Actual 

Concentration 

(mg/m3) 

Background 

Concentration 

(mg/m3) 

TSP 

5.503E  +  01 

3.893E-02 

NA 

1.340E-01 

Sulfur  Dioxide  (S02) 

7.964E-04 

ND 

1 .35E-02 

6.430E-05 

Carbon  Monoxide  (CO) 

3.939E  +  00 

5.106E-01 

NA 

8.350E-03 

Nitrogen  Oxide  (NO,) 

9.963E-01 

1.313E-01 

NA 

2.107E-03 

Hydrogen  Chloride  (HCI) 

ND 

ND 

ND 

See  Note  1 

Metals 

Aluminum 

3.827E-02 

NMd 

7.97E-06 

9.328E-05 

Antimony 

4.842E-04 

NMd 

Barium 

3.535E  +  00 

NMd 

5.55E-02 

8.61 7E-03 

Cadmium 

4.751  E-04 

NMd 

1.01E-02 

1.158E-06 

Chromium 

2.984E-03 

NMd 

1 .65E-04 

7.273E-06 

Cobalt 

1 .492E-03 

NMd 

NA 

3.637E-06 

Lead 

1 .887E-04 

NMd 

2.37E-05 

4.599E-07 

Magnesium 

1.113E  +  01 

NMd 

4.80E-02 

2.71 3E-02 

Manganese 

4.658E-03 

NMd 

NA 

1 .1 35E-05 

See  Note  2 

Phosphorus 

4.809E-03 

NMd 

NA 

1 .1 72E-05 

See  Note  2 

Volatile  Organic  Compounds  (VOCs)*  | 

TNMHC 

1.380E-01 

6.070E-02 

NA 

1 .750E-04 

Acetylene 

1.390E-02 

2.800E-03 

NA 

2.514E-05 

Benzene 

8.050E-03 

2.300E-03 

NA 

1.302E-05 

Carbon  Disulfide 

9.840E-03 

5.277E-04 

NA 

2.109E-05 

Ethylene 

2.605E-02 

8.000E-04 

NA 

5.71 9E-05 

Methylene  Chloride 

5.547E-02 

8.068E-04 

NA 

1.238E-04 

Toluene 

5.700E-03 

5.000E-03 

NA 

1.585E-06 

Semivolatile  Organic  Compounds  (SVOCs) 

2-Methylnaphthalene 

2.645E-04 

ND 

NA 

6.588E-07 

Acetophenone 

4.1 85E-04 

2.708E-04 

NA 

3.679E-07 

Butylbenzylphthalate 

ND 

ND 

NA 

ND 

Di-n-butylphthalate 

9.726E-04 

1.357E-03 

NA 

ND 

See  Note  3 

Diethylphthalate 

2.019E-03 

3.475E-04 

NA 

4.1 64E-06 

Naphthalene 

6.085E-04 

2.995E-04 

NA 

7.694E-07 

NA  =  Not  applicable 
ND  =  Nondetect 
NM  =  Not  measurable 

•These  values  represent  concentrations  that  were  measured  only  and  have  not  been  corrected  for  plume  dilution. 
bThese  values  represent  theoretical  mass  balance  calculations  based  on  the  molecular  quantity  found  in  the 
database  for  the  munition  item. 

cThese  values  represent  measured  mass  in  the  plume  less  background  and  corrected  for  dilution  based  on  the  initial 
tracer  concentrations, 
insufficient  material  to  analyze. 

•These  are  VOCs  that  are  common  to  all  eight  munition  items  tested.  A  complete  listing  of  detected  compounds 
that  are  present  is  provided  in  Appendix  l-B  and  ll-A. 

Note  1 :  HCI/CI2  levels  too  low  to  be  reliably  measured. 

Note  2:  Not  an  expected  compound  based  on  database  constituents.  Database  may  not  provide  a  complete  analysis  of  the 
content  of  the  item. 

Note  3:  Not  a  munition  item  compound,  concentrations  higher  in  background. 
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Table  10.  Representative  White  Parachute  Signal  Flare  Emission  Factors 


Compound 

Measured3 

Theoreticalb 

Emission 

Factor 

(Ib/item) 

Average0 

Adjusted 

Emission 

Factor 

(Ib/item) 

Actual 

Concentration 

(mg/m3) 

Background 

Concentration 

(mg/m3) 

TSP 

8.628E  +  01 

3.893E-02 

NA 

2.079E-01 

Sulfur  Dioxide  (S02) 

6.342E-02 

1.80  IE-03 

6.77E-03 

1.527E-04 

Carbon  Monoxide  (CO) 

2.1 59E  +  00 

2.190E-01 

NA 

4.807E-03 

Nitrogen  Oxide  (NOJ 

2.667E  +  00 

1 .668E-01 

NA 

6.1 95E-03 

Hydrogen  Chloride  (HCI) 

ND 

ND 

3.78E-05 

ND 

See  Note  1 


Metals 


Aluminum 

1 .064E-02 

NMd 

7.71  E-06 

Antimony 

7.467E-04 

NMd 

1.38E-05 

Barium 

4.227E-02 

NMd 

4.79E-04 

Cadmium 

5.957E-05 

NMd 

NA 

Chromium 

3.570E-03 

NMd 

1 .65E-04 

Cobalt 

1.23  IE-04 

NMd 

3.75E-05 

Lead 

2.607E-03 

NMd 

2.37E-05 

Magnesium 

1.144E  +  01 

NMd 

1.24E-01 

Manganese 

1 .497E-02 

NMd 

NA 

Phosphorus 

5.1 57E-03 

NMd 

NA 

Volatile  Organic  Compounds  (VOCs)e 


TNMHC 

1 .344E-01 

9.740E-02 

Acetylene 

7.300E-03 

4.500E-03 

Benzene 

7.500E-03 

3.400E-03 

Carbon  Disulfide 

9.263E-03 

5.646E-04 

Ethylene 

1.195E-02 

2.800E-03 

Methylene  Chloride 

3.336E-03 

1.287E-03 

Toluene 

8.550E-03 

7.800E-03 

|  Semivolatile  Organic  Compounds  (SVOCs) 

2-Methylnaphthalene 

ND 

ND 

Acetophenone 

5.510E-04 

2.708E-04 

Butylbenzylphthalate 

ND 

ND 

Di-n-butylphthalate 

3.134E-03 

1 .357E-03 

Diethylphthalate 

5.907E-04 

3.475E-04 

Naphthalene 

4.426E-04 

2.995E-04 

2.566E-05 


1 .800E-06 


1.019E-04 


1 .436E-07 


8.607E-06 


2.967E-07 


6.285E-06 


2.757E-02 


3.608E-05 


1.243E-05 


8.493E-05 


6.436E-06 


9.424E-06 


iKsMslgiKI 


See  Note  2 


See  Note  2 


2.103E-05 


4.709E-06 


1 .726E-06 


Semivolatile  Organic  Compounds  (SVOCs) 


ND 


7.1 59E-07 


ND 


4.541  E-06 


6.216E-07 


3.655E-07 


NA  =  Not  applicable 
ND  =  Nondetect 
NM  =  Not  measurable 

•These  values  represent  concentrations  that  were  measured  only  and  have  not  been  corrected  for  plume  dilution. 
bThese  values  represent  theoretical  mass  balance  calculations  based  on  the  molecular  quantity  found  in  the 
database  for  the  munition  item. 

cThese  values  represent  measured  mass  in  the  plume  less  background  and  corrected  for  dilution  based  on  the  initial 
tracer  concentrations, 
insufficient  material  to  analyze. 

•These  are  VOCs  that  are  common  to  all  eight  munition  items  tested.  A  complete  listing  of  detected  compounds 
that  are  present  is  provided  in  Appendix  l-B  and  ll-A. 

Note  1:  HCI/CI2  levels  too  low  to  be  reliably  measured. 

Note  2:  Not  an  expected  compound  based  on  database  constituents.  Database  may  not  provide  a  complete  analysis  of  the 
content  of  the  item. 
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Table  1 1.  Representative  155mm  Illumination  Round  Emission  Factors 


Compound 

Measured8 

Theoretical1" 

Emission 

Factor 

(Ib/item) 

Average® 

Adjusted 

Emission 

Factor 

(Ib/item) 

Notes 

Actual 

Concentration 

(mg/m3) 

Background 

Concentration 

(mg/m3) 

TSP 

1.163E  +  03 

ND 

NA 

2.598E  +  00 

Sulfur  Dioxide  (SO-,) 

1.064E  +  00 

7.430E-04 

5.1 54E-02 

2.571  E-03 

Carbon  Monoxide  (CO) 

1.026E  +  01 

2.826E-01 

NA 

2.414E-02 

Nitrogen  Oxide  (NO,) 

3.619E  +  01 

1 .737E-02 

NA 

8.750E-02 

Hydrogen  Chloride  (HCI) 

4.549E-01 

3.844E-01 

1 .330E-02 

1 .704E-04 

See  Note  1 

Metals 

Aluminum 

1 .960E-01 

NMd 

NA 

4.381  E-04 

See  Note  2 

Antimony 

1.150E-02 

NMd 

NA 

2.570E-05 

See  Note  2 

Barium 

2.121E-01 

NMd 

3.29E-02 

4.740E-04 

Cadmium 

4.037E-02 

NMd 

NA 

9.022E-05 

See  Note  2 

Chromium 

3.776E-03 

NMd 

2.78E-04 

8.441  E-06 

Cobalt 

1 .028E-03 

NMd 

NA 

2.297E-06 

See  Note  2 

Lead 

3.1 88E-02 

NMd 

9.89E-04 

7.1 25E-05 

Magnesium 

7.880E  +  01 

NMd 

2.85E  +  00 

1.761  E-01 

Manganese 

2.958E-02 

NMd 

1.22E-03 

6.61  IE-05 

Phosphorus 

3.234E-02 

NMd 

NA 

7.229E-05 

See  Note  2 

Volatile  Organic  Compounds  (VOCs)e 

TNMHC 

7.089E-01 

3.620E-02 

NA 

1.524E-03 

Acetylene 

1.140E-01 

7.000E-04 

NA 

2.567E-04 

Benzene 

4.770E-02 

1.100E-03 

NA 

1 .056E-04 

Carbon  Disulfide 

2.962E-02 

1.418E-03 

NA 

6.388E-05 

Ethylene 

1 .243E-02 

2.000E-04 

NA 

2.81  IE-04 

Methylene  Chloride 

7.081  E-01 

2.044E-03 

NA 

Toluene 

1 .360E-02 

3.000E-03 

i  NA 

2.401  E-05 

Semivolatile  Organic  Compounds  (SVOCs) 

2-Methylnaphthalene 

ND 

ND 

NA 

ND 

Acetophenone 

2.883E-03 

2.071  E-04 

NA 

6.038E-06 

Butylbenzylphthalate 

3.028E-03 

ND 

NA 

6.833E-06 

Di-n-butylphthalate 

4.077E-03 

7.691  E-04 

NA 

Diethylphthalate 

1.776E-03 

1.38  IE-04 

NA 

Naphthalene 

5.579E-03 

ND 

NA 

1.259E-05 

NA  =  Not  applicable 
ND  =  Nondetect 
NM  =  Not  measurable 

"These  values  represent  concentrations  that  were  measured  only  and  have  not  been  corrected  for  plume  dilution. 
bThese  values  represent  theoretical  mass  balance  calculations  based  on  the  molecular  quantity  found  in  the 
database  for  the  munition  item. 

cThese  values  represent  measured  mass  in  the  plume  less  background  and  corrected  for  dilution  based  on  the  initial 
tracer  concentrations, 
insufficient  material  to  analyze. 

•These  are  VOCs  that  are  common  to  all  eight  munition  items  tested.  A  complete  listing  of  detected  compounds 
that  are  present  is  provided  in  Appendix  l-B  and  ll-A. 


Note  1 :  HCI/CI2  levels  too  low  to  be  reliably  measured. 

Note  2:  Not  an  expected  compound  based  on  database  constituents.  Database  may  not  provide  a  complete  analysis  of  the 
content  of  the  item. 
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C.  Probable  detonation  compound.  This  category  includes  compounds  measured  at 
<  5  and  >  2  times  the  background  level  or  detection  limit. 

D.  Possible  detonation  compound.  Compound  was  measured,  but  its  presence  as  a 
detonation  compound  is  questionable  and  its  magnitude  is  difficult  to  quantify.  This 
category  includes  compounds  measured  at  <  2  times  and  >  1  times  (but  above) 
the  background  level  or  detection  limit. 

F.  Not  a  detonation  compound.  This  category  includes  compound  measured  at  <  1 
times  (but  above)  the  background  level  or  detection  limit. 

The  data  qualifiers  are  designed  to  help  the  user  of  the  emission  factors  be  aware 
of  the  general  reliability  of  the  data.  While  all  emission  factors  are  considered  valid  (except 
those  with  an  "F"),  based  on  the  method  of  calculation,  the  level  of  confidence  is  reduced 
if  the  measured  concentrations  are  only  slightly  above  the  background  or  detection  limit 
concentrations.  All  measured  compounds  and  their  data  qualifiers  are  listed  in  Appendix  II- 
A  (Volume  II). 

Figures  3  to  7  provide  a  comparison  of  the  emission  factor  results  among  training 
items.  This  comparison  provides  additional  information  into  the  emission  factor  results.  The 
calculated  emission  factors  are  "normalized"  based  on  the  NEW  of  each  training  ordnance. 
This  approach  allows  comparison  of  emissions  produced  per  unit  of  energetic  material.  Direct 
comparison  of  emissions  between  items  is  meaningless  because  they  very  widely  in  energetic 
content. 

Figure  3  compares  TSP,  PM10,  CO,  NOx,  S02,  and  C02  for  all  eight  tests.  The  tables 
in  Appendix  ll-C  and  ll-l  (Volume  II)  summarize  the  TSP,  PM10,  and  CEM  data,  respectively, 
for  all  eight  training  ordnance  munition  items.  TSP  and  PM10  were  the  primary  compounds 
emitted.  The  highest  emission  factor  results  for  TSP  and  PM10  were  for  the  Simulator  Hand 
Grenade.  The  lowest  were  from  the  Green  Star  Cluster.  There  was  considerable  variation  in 
the  CO  emission  factors  and  even  more  with  NOx.  The  highest  NOx  emission  factors  were 
with  the  Simulator  Hand  Grenade  and  the  Simulator  Ground  Burst.  By  contrast,  the  NOx 
emission  factor  for  the  Green  Star  Cluster  was  only  about  1 .5%  that  level.  S02  varied  with 
the  amount  of  sulfur  in  the  item.  The  relatively  high  C02  emission  factor  for  the  Simulator 
Artillery  Flash  Ml  10  reflects  the  gasoline  component  of  that  item. 

Eighteen  of  the  nineteen  target  metals  were  found  in  the  TSP  generated  during  one  or 
more  test  runs.  The  results  of  the  training  ordnance  metals  analyses  are  included  in  Appendix 
ll-D  for  each  test.  All  metals  data  emission  factors  are  shown  in  Appendix  l-B  and  ll-A. 
Figure  4  shows  the  comparison  data  for  metals.  The  higher  levels  of  aluminum,  antimony, 
barium,  magnesium,  and  phosphorus  in  some  items  correspond  to  enriched  levels  of  those 
compounds  in  the  items  (see  Table  2).  Metals  added  for  pyrotechnic  effect  like  magnesium 
or  aluminum  make  up  5-30%  of  the  particulate  material  for  some  items. 

Data  for  each  munition  item  were  examined  to  determine  the  theoretical  metal 
emission  factor  for  each  metal  known  to  be  present  in  the  ordnance.  The  theoretical  emission 
factors  are  calculated  based  on  constituent  data  from  MIDAS.  MIDAS  is  an  extensive 
database  that  lists  the  components,  parts,  materials,  and  bulk  items  for  more  than  3,000 
munitions.  The  database  was  assembled  using  the  best  available  technical  data,  engineering 
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Figure  5.  Metals  Emission  Factor  Comparison  for  Measured  vs.  Theoretical  Emissions 
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Figure  6.  Representative  VOC  Emission  Factors  for  AEC  Training  Ordnance 
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LLCf-  7.  SVOC  Emission  Factors  for  AEC  Training  Ordnance 


drawings,  specifications,  standards,  and  other  information.  The  MIDAS  data  for  these  items 
are  included  in  Appendix  l-D.  Table  12  shows  the  theoretical  emission  factors  for  all  those 
metals  that  were  listed  in  the  MIDAS  database.  Figure  5  provides  a  comparison  of  the 
measured  and  theoretical  emission  factors  for  those  metals  present  based  on  the  MIDAS  data. 
The  ratio  of  measured  data  to  theoretical  data  was  generally  lower  than  1.0.  This  is 
reasonable  considering  that  the  metals  are  associated  with  particles  that  do  not  remain 
airborne  (they  settle  to  the  ground).  Some  ratios  were  greater  than  1 .0.  The  cause  for  the 
higher  then  expected  concentration  of  metals  and  the  presence  of  metals  not  expected  is 
unknown.  In  the  higher  concentration  cases,  it  is  suspected  that  the  metals  were  present  in 
the  items  at  higher  levels  than  listed  in  the  MIDAS  database  (e.g.,  antimony  and  magnesium 
in  the  Booby  Trap  Flash  and  phosphorous  in  the  Simulator  Hand  Grenade).  For  those  metals 
found  but  not  listed  in  the  MIDAS  database,  it  is  suspected  that  the  MIDAS  information  may 
not  provide  all  the  data  on  the  content  of  each  item.  The  relatively  low  levels  of  aluminum  in 
the  Green  Parachute  Flare  and  the  Green  Star  Cluster  may  be  from  the  BangBox  environment. 
The  BangBox  floor  was  cleaned  prior  to  and  following  each  test  in  order  to  reduce  and 
prevent  contamination.  Examination  of  the  data  does  not  indicate  any  significant  compound 
carry-over  from  item  to  item. 

Figure  6  shows  a  comparison  of  eight  representative  VOCs.  The  tables  in  Appendix 
ll-E  summarize  the  analytical  data  for  all  eight  tests.  These  eight  compounds  represent  the 
highest  emission  factors  for  each  munition  item  except  for  the  Simulator  Flash  Artillery  Ml  10. 
The  tables  in  Appendix  ll-E  for  the  Simulator  Flash  Artillery  Ml  10  show  that  a  large  number 
of  VOCs  were  found  at  higher  levels.  The  levels  of  VOCs  were  consistently  higher  than  the 
SVOCs. 

Twelve  SVOCs  were  found  in  one  or  more  of  the  test  runs.  The  tables  in  Appendix 
ll-F  summarize  the  analytical  data  for  all  eight  test  series.  Four  of  the  twelve  SVOCs  were 
also  found  in  the  reagent  blank  or  the  field  blank  [i.e.,  acetophenone,  bis(2- 
ethylhexyDphthalate,  butylbenzylphthalate,  and  di-n-butylphthalate].  These  four 
measurements  are  reported  in  the  test  samples  at  substantial  or  equivalent  quantities.  These 
compounds  are  included  in  Tables  4  to  11,  but  it  is  questionable  whether  they  represent 
compounds  from  the  munition  items.  Figure  7  shows  that  for  the  majority  of  the  measured 
SVOCs  the  resulting  emission  factors  were  relatively  low  (<  1  x  10s)  in  comparison  to  other 
compounds.  Figure  7  shows  that  similar  values  were  measured  for  all  items  except  the 
Simulator  Flash  Artillery  Ml  10. 

Appendix  l-A  and  ll-A  show  that  measurements  were  also  made  for  HCI,  Cl2,  and 
dioxin/furans.  HCI  levels  were  too  low  to  be  reliably  measured  by  either  the  impinger  train  or 
the  continuous  analyzer.  Emission  factors  for  seven  of  the  eight  munitions  were  developed 
for  Cl2.  However,  most  sample  concentrations  were  at  similar  values  in  the  field  blanks  and 
reagent  blanks.  Dioxin/furan  isomers  were  reported  at  very  low  (picogram  or  1x1  O'12  gram) 
levels  in  some  of  the  samples.  These  were  expressed  as  2,3,7,8-TCDD  toxic  equivalent  (TEQ) 
using  a  toxicity  equivalency  factor  for  each  isomer.  This  procedure  is  shown  in  the  sample 
calculations  in  Appendix  1-C.  Note  that  similar  values  were  also  reported  in  the  backgrounds, 
field  blanks,  and  reagent  blanks.  The  TEQ  (total  of  reported  value  or  detection  limit  for  each 
isomer)  in  the  blanks  ranged  from  6.0-17.1  pg  (picograms).  The  TEQ  for  backgrounds  ranged 
from  7.3-30.3  pg.  The  TEQ  in  the  samples  ranged  from  6.7-40.8  pg.  The  highest  sample 
value,  40.8,  was  offset  by  a  7.9  in  the  duplicate  sample.  This  data  indicates  that  deploying 
these  items  does  not  produce  measurable  dioxins/furans. 
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Table  12.  AEC  Training  Ordnance  Theoretical  Emission  Factors  for  Applicable  Metals 
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3.3  Data  Quality 


Assessment  of  data  quality  for  the  AEC  training  ordnance  BangBox  tests  is  based  on 
analysis  results  for  quality  control  (QC)  samples.  QC  samples  applicable  to  field  activities  or 
the  sample  matrix  included  field  reagents  and  blank  trains,  spiked  sampling  media,  and 
surrogate  spikes.  QC  data  pertinent  to  laboratory  activities  include  calibration  checks, 
laboratory  method  blanks,  and  laboratory  control  samples  (LCS)/laboratory  control  sample 
duplicates  (LCSD).  The  QC  data  were  reviewed  to  assess  the  overall  data  quality  and  potential 
impact  on  sample  measurement  results.  Also  reviewed  were  sample  preservation  and  holding 
time  considerations.  Table  13  summarizes  the  data  quality  objectives  for  the  testing. 

TSP/PM10.  Particulate  loading  on  filters  was  determined  gravimetrically.  Filters  were 
desiccated  and  tared  to  the  nearest  0.1  mg.  After  sampling,  filters  were  desiccated  and 
weighed  to  a  constant  weight  to  determine  final  weight  gain.  The  analytical  balance  was 
calibrated  daily  during  use.  Blank  filter  samples  all  showed  negligible  weight  gain. 

Metals.  Concentrations  of  metals  in  TSP  samples  were  determined  using  inductively 
coupled  plasma  (ICP)  emission  spectroscopy  and,  for  mercury,  CVAA  spectroscopy.  All 
samples  were  analyzed  within  specified  holding  times.  QC  data  indicate  valid,  accurate  results 
with  possible  low  bias  results  for  aluminum,  magnesium,  and  antimony.  Analytical 
performance  was  consistently  good.  Some  data  analysis  was  not  possible  for  certain 
filter/TSP  samples  due  to  insufficient  material.  For  the  analysis,  the  filters  fell  into  three 
sample  preparation  categories:  (1)  blank/background  filters  with  little  to  no  measurable  TSP, 
(2)  heavily  loaded  filters  with  an  excess  of  1  gram  of  TSP,  and  (3)  lightly  loaded  filters  with 
<0.75  grams  of  TSP.  Filters  in  the  first  category  (blank/background  filters)  were  prepared 
by  taking  three  representative  strips  of  the  filter  (about  %  of  the  whole  filter)  and  digesting 
them  in  a  closed  microwave-digestion  vessel  with  hydrogen  fluoride  (HF),  HN03,  and  HCI.  The 
digestate  was  split  for  metals  by  ICP  and  for  mercury  by  CVAA  (SW-7470A).  These  data  are 
included  in  the  analytical  reports  (Volume  II).  The  second  group  of  filters  contained  a 
sufficient  amount  of  loose  TSP  to  allow  an  independent  digestion  and  analysis  of  the  TSP 
alone.  The  loose  dust  recovered  from  the  filters  was  prepared  by  a  mixed-acid  microwave 
digestion  followed  by  a  nitric  acid  digestion  for  metals  by  ICP  and  for  direct  digestion  and 
analysis  for  mercury  in  solids  by  CVAA  using  SW-7471  A.  The  third  category  of  filter  samples 
did  not  possess  a  sufficient  quantity  of  TSP  to  allow  separate  digestions  for  ICP  metals  and 
mercury.  After  examination  of  the  alternatives,  it  was  decided  to  prepare  the  ICP  metals 
sample  in  the  same  manner  as  the  category  2  samples  to  maximize  the  number  of  analytes 
reported  for  the  TSP.  The  sample  preparation  involved  two  steps  to  eliminate  the  high  acid- 
salt  content  normally  generated  by  the  mixed-acid  microwave  digestion.  The  nitric  acid 
digestion  involves  near  evaporation  of  the  microwave  digestate  in  an  open  container  to  reduce 
the  amount  of  excess  HF  and  HCI.  This  also  results  in  the  loss  of  mercury,  and  so  the 
analysis  of  this  digestate  was  considered  inappropriate  and  foregone  for  the  sake  of  producing 
comparable  ICP  data  for  mercury. 

Samples  of  particulate  matter  collected  on  the  TSP  filters  were  analyzed  for  metals 
using  Method  SW-6010A  and  mercury  using  Method  SW-7471  A  by  Radian  Laboratories.  The 
QC  data  indicate  effective  analyses  and  reliable  measurement  data.  All  samples  were  analyzed 
within  specified  holding  times.  Samples  were  analyzed  undiluted  and  at  a  1:10  dilution 
because  barium  exceeded  the  calibration  range  for  several  samples.  Dilutions  are  also 
analyzed  to  mitigate  matrix  effects  and  ensure  reliable  measurement  results. 


29 


Table  13. 


Measurement  Quality  Objectives 


Test  Parameter 

Accuracy  Objective 

Precision  Objective 

TSP 

Not  assessable 

RSD  <25%  for  multiple  runs  on  a  single 
event 

PM10 

Not  assessable 

Not  assessable 

Metals 

75-125%  recovery  of  post¬ 
digestion  MS  from  filter 

<20%  RPD  for  recovery  of  post-digestion 
MS/MSD  from  filter 

VOC 

70-1 30%  recovery  of 
laboratory  media  spike 
(laboratory  calibration  check 
material,  transferred  into  a 
canister,  and  analyzed  with  the 
field  samples) 

<30%  RPD  for  top  ten  peaks  on  laboratory 
duplicate  analyses 

Tracer  Compound 

80-120%  recovery  of 
laboratory  media  spike 

±10%  RPD  for  laboratory  duplicate 
analyses 

SVOC 

Surrogate  spike  recoveries 
within  laboratory  control  limits 

<35%  RSD  for  pooled  surrogate  spike 
recoveries  for  all  samples  from  a  single 
event 

HCI/CI, 

85  -  115%  recovery  for  MS 

<  25%  RPD  for  MS/MSD  pair 

Dioxins/Furans 

70-130%  recovery  of  pre¬ 
sampling  surrogate  spike 
compounds 

<  50%  RSD  for  pooled  surrogate  spike 
recoveries  for  all  samples  from  a  single 
event 

CO 

±  5%  of  span  for  zero  and 
upscale  bias  checks 

±  3%  of  span  for  zero  and  upscale  drift 
checks 

CN 

o 

o 

±5%  of  span  for  zero  and 
upscale  bias  checks 

±  3%  of  span  for  zero  and  upscale  drift 
checks 

NOx 

±5%  of  span  for  zero  and 
upscale  bias  checks 

±3%  of  span  for  zero  and  upscale  drift 
checks 

S02 

±5%  of  span  for  zero  and 
upscale  bias  checks 

±3%  of  span  for  zero  and  upscale  drift 
checks 

HCI 

±5%  of  span  for  zero  and 
upscale  bias  checks 

±  3%  of  span  for  zero  and  upscale  drift 
checks 

CO  =  Carbon  Monoxide 

C02  =  Carbon  Dioxide 

Cl2  =  Chlorine 

HCI  =  Hydrogen  Chloride 

MS  =  Matrix  Spike 

MSD  =  Matrix  Spike  Duplicate 

NOx  =  Nitrogen  Oxides 

PM10  =  Particulate  Matter  less  than  10  microns 

RPD  =  Relative  Percent  Difference 

RSD  =  Relative  Standard  Deviation 

S02  =  Sulfur  Dioxide 

SVOC  =  Semivolatile  Organic  Compound 

TSP  =  Total  Suspended  Particulates 

VOC  =  Volatile  Organic  Compound 
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Initial  and  continuing  calibration  checks  were  all  within  acceptance  criteria,  except  for 
boron  on  one  continuing  calibration  verification  sample.  Boron  is  not  a  target  analyte  and  this 
discrepancy  does  not  affect  data  quality.  Laboratory  method  blank  results  were  all  below  the 
concentrations  found  in  the  samples. 

LCSD  duplicate  results  were  within  the  75-1 25%  recovery  objective  and  20%  relative 
percent  difference  (RPD)  precision  objective  for  the  18  ICP  (Method  SW-6010A)  analytes  and 
mercury  (Method  SW-7471A)  with  the  exception  of  aluminum,  antimony,  and  magnesium. 
These  analytes  were  recovered  outside  the  QC  criteria  in  two  of  the  four  analytical  batches. 
On  the  fourth  analytical  batch,  aluminum  and  magnesium  were  reanalyzed  with  all  analytes 
recovered  within  the  QC  limits. 

Recoveries  of  metals  spike  into  field  samples  [i.e.,  matrix  spikes  (MSs)]  were  good.  All 
MS/matrix  spike  duplicate  (MSD)  analysis  results  for  sample  DPG-541  were  within  the  75- 
125%  recovery  objective  except  for  aluminum  (60  and  44%)  and  magnesium  (70  and  58%). 
Results  for  analysis  of  post-digestion  spikes  (analytical  spikes)  for  this  sample  yielded 
compliant  recoveries  for  all  analytes  except  antimony.  Analytical  spikes  were  needed  because 
of  the  high  levels  of  metals  (e.g.,  aluminum  and  magnesium)  in  some  samples.  The  initial 
spiking  solutions  did  not  contain  adequate  aluminum  to  assess  recoveries.  MS  recoveries  for 
aluminum,  barium,  beryllium,  chromium,  lead,  and  magnesium  in  sample  DPG-802  were 
outside  the  QC  criteria  in  both  the  undiluted  and  1:10  dilution.  Results  of  analytical  spikes 
for  DPG-802  were  within  QC  limits  with  the  exception  of  magnesium  (1 50%)  in  the  undiluted 
analysis  and  barium  (70%)  in  the  1:10  dilution.  MS  recoveries  for  mercury  in  sample  DPG- 
341  were  found  at  128  and  132%,  which  is  only  slightly  outside  the  QC  criteria  of  70-130% 
for  mercury.  Results  of  analytical  spikes  for  this  sample  and  DPG-251  were  all  within  the  85- 
115%  recovery  objective. 

VOC  and  Tracer  Compounds.  Air  samples  collected  in  stainless  steel  canisters  were 
analyzed  for  VOCs  using  GC/multiple  detectors  for  Method  TO-14  and  Method  TO-12.  Tracer 
compounds  were  measured  using  an  electron  capture  detector.  Appreciable  levels  of  organics 
and  SF6  tracer  compounds  were  detected  by  the  analytical  methods  utilized.  Background 
analyses  showed  the  presence  of  low  levels  of  VOCs.  The  VOC  analyses  indicated 
acceptable  analytical  method  performance  and  accurate  measurement  results. 

SVOCs.  Concentrations  of  SVOCs  in  air  samples  were  determined  using  GC/MS.  All 
samples  were  analyzed  within  prescribed  holding  times.  The  QC  data  indicated  reliable, 
effective  analyses,  as  discussed  below. 

SVOCs  in  air  samples  captured  on  XAD  resin  were  analyzed  using  GC/MS  Method  SW- 
8270B  by  Radian  Laboratories.  Initial  and  continuing  calibration  checks  were  within 
acceptance  limits.  There  was  no  evidence  of  laboratory  contamination,  based  on  results  for 
analysis  of  laboratory  method  blanks. 

LCS  results  indicate  accurate  and  reliable  method  performance  for  the  LCS,  but  all 
analytes  were  outside  the  limits  (0.1-124%)  in  the  LCSD  except  for 
hexachlorocyclopentadiene  at  6.4%.  All  recoveries  were  low  due  to  a  problem  in  the  sample 
preparation  because  of  a  possible  cracked  extractor.  These  analyses  could  not  be  reextracted 
because  there  was  no  remaining  XAD  from  that  batch.  However,  all  previous  LCS  results  for 
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all  previous  analyses  have  been  within  the  specified  recovery  limits  and  all  other  QC  samples 
indicate  accurate  data  results. 

Results  for  analysis  of  spiked  collection  media  (XAD  resin)  samples  indicated  effective 
recovery,  with  recoveries  and  precision  within  laboratory  specifications  for  all  the  spike 
compounds  in  the  initial  spiked  sample.  In  the  duplicate  analysis,  7  of  the  1 1  analytes  were 
just  outside  the  QC  limits  (18  to  21%)  as  well  as  the  RPDs  associated  with  these  analytes. 
These  discrepancies  were  attributed  to  matrix  effects,  and  no  corrective  action  was  taken. 

Surrogate  spike  recoveries  were  within  recovery  limits  in  all  the  samples,  except  for 
the  following.  Recoveries  of  phenol-d5  (128  and  128%)  and  2-fluorobiphenyl  (117  and 
1 18%)  in  the  collection  medium  spike  and  spike  duplicate  were  above  the  QC  criteria  of  50- 
122%  and  54-1 15%,  respectively.  For  the  second  analytical  batch,  sample  DPG-772  had 
recovery  of  phenol-d5  at  125%.  Surrogate  recoveries  for  the  LCS  were  all  below  the  QC 
limits  except  2,4,6-tribromophenol  (29%),  while  all  surrogate  recoveries  for  the  LCSD  were 
within  the  limits.  Surrogates  in  the  collection  medium  spike  were  all  within  the  QC  criteria, 
while  the  duplicate  had  low  recoveries  for  2-fluorobiphenyl  (51%),  2-fluorophenol  (6.5%), 
nitrobenzene  (19%),  and  phenol-d5  (11%).  Recoveries  of  the  other  acid  and  base-neutral 
surrogates  were  within  the  QC  limits,  indicating  acceptable  extraction  efficiency  and 
measurement  accuracy. 

HCI/CI2.  Gas  train  samples  collected  in  the  sodium  hydroxide  and  sulfuric  acid 
impingers  of  the  sample  trains  were  analyzed  by  ion  chromatography  by  Radian  Laboratories. 
All  analyses  were  conducted  within  the  specified  holding  time.  QC  data  indicate  good 
analytical  system  control  and  reliable  measurement  results.  Field  blanks  and  background 
sample  concentrations  were  similar  to  those  found  in  the  field  samples. 

Initial  and  continuing  calibration  checks  were  within  the  limits  with  the  exception  of 
one  CCV  (1 1 9%).  This  calibration  check  was  reanalyzed  immediately  and  the  specification 
was  met  at  107%.  All  laboratory  control  spike  samples  were  within  QC  limits.  All  laboratory 
method  blank  and  reagent  blank  results  indicated  no  systematic  contamination.  All  MS  and 
MSD  samples  demonstrated  effective  analyses  in  the  sample  matrices. 

Dioxins/Furans.  Seven  PUF  samples  were  received  on  March  31  and  nineteen  samples 
were  received  on  April  2  by  Triangle  Laboratories.  All  samples  were  extracted  and  analyzed 
according  to  the  procedures  described  in  EPA  Method  8290  Rev.  0  (September  1994).  All 
samples  were  analyzed  within  the  holding  times.  Some  values  were  reported  at  every  low 
levels  in  the  blanks  and  samples.  These  data  were  below  the  established  calibration  range  for 
the  instrument.  However,  QC  data  indicate  acceptable  measurement  results. 

All  initial  and  continuing  calibration  results  were  within  the  acceptance  criteria.  There 
were  no  contamination  problems  associated  with  the  laboratory  method  blank. 

The  PUF  cartridge  for  sample  DPG-445  was  broken  when  received  by  the  laboratory. 
The  cartridge  was  carefully  taped  to  prevent  loss  of  any  XAD  resin.  Most  (>95%)  of  the 
XAD  was  recovered  by  the  laboratory.  The  PUF  cartridge  could  not  be  rinsed  with  toluene 
due  to  the  adhesive  from  the  tape. 
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Recoveries  for  the  LCS/LCSD  analyses  were  within  the  70-130%  recovery  and  20% 
RPD  objective  except  for  the  following.  The  percent  recovery  for  1,2,3, 4,6, 7,8-HpCDF  was 
above  the  QC  limits  and  the  percent  recovery  for  OCDF  was  below  the  QC  limits.  Also,  the 
RPD  for  1 ,2, 3, 4,6, 7,8-HpCDF  was  above  the  QC  criteria.  Laboratory  guidelines  allow  up  to 
two  analytes  to  have  recoveries  as  high  as  145%,  so  long  as  the  RPD  is  within  the  QC 
criteria.  All  the  associated  analytes  detected  in  the  method  blank  and  field  samples  are  below 
the  target  detection  limit.  The  results  are  not  significantly  affected. 

CEM.  CO,  C02,  HCI,  NOx,  and  S02  were  sampled  and  analyzed  using  a  real-time  CEM 
system.  Examination  of  the  data  quality  objectives  summarized  in  Table  1 6  show  that  the 
desired  goals  for  accuracy  and  precision  were  5%  of  span  for  bias  checks  and  3%  of  span 
for  drift  checks.  These  values  were  met  for  all  tests  as  demonstrated  by  calibration  checks 
before  and  after  each  run.  The  QC  data  indicate  good  analyzer  system  control  and  reliable 
measurement  results. 
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4. 


CONCLUSIONS 


This  report  presents  the  results  from  the  first  phase  of  testing  for  the  development  of 
airborne  emission  factors  for  compounds  produced  by  deployment  of  conventional  munitions 
training  items.  Similar  types  of  compounds  were  produced  by  all  items  tested.  However,  the 
compound-by-compound  emission  factors  varied  between  items.  There  was  considerable 
variation  for  some  compounds  even  for  similar  items,  (e.g.,  Green  and  White  Parachute 
Flares). 


Replicate  runs  were  performed  for  three  items  with  the  highest  priority  for  testing.  For 
two  items  the  compound  variation  between  runs  was  similar  to  that  associated  with 
measurement  variability.  For  the  other  item  there  was  more  variability  between  runs  than 
would  be  expected  from  just  variation  in  measurement  accuracy. 

TSP/PM10.  TSP  and  PM10  were  the  primary  compounds  emitted  for  all  eight  munitions 
items.  The  particulate  matter  was  small  -  for  most  items  essentially  all  the  particles  were 
PM10.  The  measured  PM10  emission  factors  were  larger  than  the  TSP  emission  factors  for 
some  items.  This  reflects  the  fact  that  the  PM10  sampling  duration  was  fairly  short  and 
occurred  early  in  the  test  cycle.  The  TSP  represents  an  average  concentration  over  a  longer 
period  as  particles  settled.  In  these  cases  TSP  is  probably  the  better  emission  factor  for  both 
TSP  and  PM10  that  is  likely  to  migrate  off-site.  Particle  sizing  measurements  will  be 
incorporated  into  Phase  III  tests  for  these  items. 

Metals.  Particulate  samples  showed  significant  quantities  of  some  metals.  The  higher 
levels  of  aluminum,  antimony,  barium,  magnesium,  and  phosphorus  in  some  items  correspond 
to  enriched  levels  of  those  compounds  in  the  items.  The  measured  metals  emission  factors 
were  compared  to  the  theoretical  levels  from  the  MIDAS  database.  Reactive  and  more 
volatile"  metals  (i.e.,  aluminum,  magnesium,  and  phosphorus)  were  measured  near  their 
theoretical  levels.  Most  other  metals  were  measured  at  somewhat  lower  levels  (<10%  of 
theoretical). 

VOCs  and  SVOCs.  Most  of  the  organic  compounds  produced  by  deployment  of  the 
items  were  VOCs.  The  concentrations  of  VOCs  were  1  to  2  orders  of  magnitude  higher  than 


HCI/CI2.  The  low  levels  of  chlorine  in  the  items  produced  concentrations  of  HCI  and 
Cl2  that  were  difficult  to  accurately  quantify. 

Dioxin/furan.  Dioxin/furan  values  reported  by  the  laboratory  in  the  samples  were 
similar  to  those  reported  in  field  blanks  and  reagent  blanks.  The  data  does  not  indicate  that 
dioxins/furans  are  produced  by  deploying  the  items. 
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APPENDIX  l-A.  ANALYTE  LISTS 
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Table  A-1.  Metals  Analyte  List  (EPA  Method  29) 


Metals 


Aluminum 


Cadmium 


Magnesium 


Selenium 


Antimony 


Chromium 


Manganese 


Silver 


Arsenic 


Cobalt 


Mercury 


Thallium 


Barium 


Copper 


Nickel 


Zinc 


Beryllium 


Lead 


Phosphorus 


Table  A-2.  VOC  Analyte  List  (EPA  Compendium  Method  TO-14) 


Analytes 

1 ,1 ,2#2-Tetrachloroethane 

2-Methyl-1 -butene 

Methylcyclopentane 

1 ,1 ,2-Trichloro-1 ,2,2- 
trifluoroethane 

2-Methyl-1  -pentene 

cis-1,3-Dichloro-1- 

propene 

Methylene  chloride 

1 ,1 ,2-Trichloroethane 

2-Methyl-2-butene 

cis-2-Butene 

Methylnitrite 

1 ,1  -Dichloroethane 

2-Methyl-2-pentene 

cis-2-Hexene 

m-Ethyltoluene 

1  ,2,4-Trichlorobenzene 

2-Methylfuran 

cis-2-Pentene 

Methyl  tert-butyl  ether 

1 ,2,4-Trimethylbenzene  & 
sec-Butylbenzene 

2-Methylheptane 

Cyanogen 

Methyl-vinyl  Ketone 

1 ,2-Dibromoethane 

2-Methylhexane 

Cyclohexane 

Naphthalene 

1 ,2-Dichloroethane 

2-Methylnaphthalene 

Cyclohexanone 

n-Butane 

1 ,2-Dichloroethene 

2-Methylpentane 

Cyclopentane 

n-Decane 

1 ,2-Dichloropropane 

2-Methylpropanal 

Cyclopentanone 

n-Heptane 

1 ,3,5-Trimethylbenzene 

2-Methylpropanenitrile 

Cyclopentene 

n-Hexane 

1 ,3-Butadiene 

2-Nitrophenol 

Decanal 

Nitromethane 

1 ,4-Dioxane 

2-Pentanone 

delta  3-Carene 

n-Nonane 

1 -Butanol 

2-Propanol 

Dichlorodifluoromethane 

n-Octane 

1 -Butene 

3-Ethylhexane 

Dichlorotetrafluoroethane 

Nonanal 

1  -Hexene 

3-Methyl-1 -butene 

Dimethyl  disulfide 

n-Pentane 

1  -Hydroxy-2-propanone 

3-Methylhexane 

d-Limonene 

n-Propylbenzene 

1  -Methylnaphthalene 

3-Methylpentane 

Ethane 

Octanal 

1 -Pentene 

4-Methyl-1  -pentene 

Ethyl  tert-butylether 

o-Dichlorobenzene 

1 -Propanol 

6-Methyl-5-hepten-2-one 

Ethylbenzene 

o-Ethyltoluene 

2,2,4-Trimethylhexane 


2,2,4-T  rimethylpentane 


2,2-Dimethylbutane 


2,2-Dimethylheptane 


2,2-Dimethylpropane 


2,3,4-Trimethylpentane 


2,3-Butanedione 


2, 3-Dihydro-1  -methyl- 1  H- 
indene 


2,3-Dihydro-4-methyl-1  H- 
indene 


2,3-Dimethylbutane 


2,3-Dimethylhexane _ 


2,3-Dimethylpentane 


2,4,4-T  rimethyl-1  -pentene 


2,4,4-Trimethyl-2-pentene 


2,4-Dimethylhexane 


Acetic  Acid 


Acetone 


Acetonitrile 


Acetophonone 


Acetylene 


Acrolein 


Acrylonitrile 


Allylchloride 


alpha-Pinene 


Benzaldehyde 


Benzene 


Benzofuran 


Benzonitrile 


Benzylchloride 


beta-Pinene 


Ethylchloride 


Ethylcyclohexane 


Ethylene 


Furan 


Heptanal 


Hexachlorobutadiene 


Hexanal 


Hexanenitrile 


i-Butane 


i-Butene 


Indane 


i-Pentane 


i-Propylbenzene 


Isoprene 


m&p-Xylene 


p-Dichlorobenzene 


Pentanal 


Pentanenitrile 


Perchloroethylene 


p-Ethyltoluene 


Phenylacetylene 


Propane 


Propanenitrile 


Propene _ 


Styrene 


Tetrahydrofuran 


Thiophene 


Toluene 


2,4-Dimethylpentane 


2,5-Dimethylhexane 


2-Butanone 


2-Butoxyethono! 


2-Ethyl-1  -hexanol _ 


2-Furaldehyde 


2-Methyl-1 ,3-dioxolane 


Butanol 


Carbon  disufide 


Carbon  tetrachloride 


Carbonyl  sulfide 


Chlorobenzene 


Chloroethene 


Chloroform 


m-Dichlorobenzene 


Methacrolein 


Methyl  Methacrylate 


Methylbromide 


Methylchloride 


Methylchloroform 


Methylcyclohexane 


trans-2-Butenal 


trans-2-Butene 


trans-2-Hexene 


trans-2-Pentene 


Trichloroethylene 


Trichloromono 

fluoromethane 


Vinylidene  chloride 


Table  A-3.  SVOC  Analyte  List  (EPA  SW-846  Method  8270) 


Analytes 


1 ,2,4-Trichlorobenzene  3-Nitroaniline 


1 ,2-Dichlorobenzene 


1,3-Dichlorobenzene 


1,3-Dinitrobenzene 


1 ,4-Dichlorobenzene 


1 ,4-Naphthoquinone 


1-Naphthylamine 


2, 3,4,6- 

Tetrachlorophenol 


2,4, 5-T  richlorophenol 


2,4,6-Trichlorophenol 


2,4-Dichlorophenol 


2,4-Dimethylphenol 


2,4-Dinitrophenol 


2,6-Dichlorophenol 


2,6-Dinitrotoluene 


2-AcetyIaminofluorene 


2-Chloronaphthalene 


2-Chlorophenol 


2-Methylnaphthalene 


2-Methylphenol 


2-Naphthylamine 


2-Nitroaniline 


2-Nitrophenol 


2-PicoIine 


3,3'-Dichlorobenzidine 


3,3*-Dimethylbenzidine 


3-Methylcholanthrene 


3-Nitroaniline 

bis(2-Ethylhexyl)phtha!ate 

4,6-Dinitro-2-methylphenol 

Butylbenzylphthalate 

4-Aminobiphenyl 

Carbazole 

4-Bromophenylphenyl  ether 

Chlorobenzilate 

4-Ch!oro-3-methylphenol 

Chrysene 

4-ChIorophenylphenyl  ether 

Diallate 

4-Methylphenol/3- 

Methylphenol 

Dibenz(a,h)anthracene 

4-Nitroaniline 

Dibenzofuran 

4-Nitrophenol 

Diethylphthalate 

4-Nitroquinoline-1  -oxide 

Dimethylphenethylamine 

5-Nitro-o-toluidine 

Dimethylphthalate 

7,12- 

Dimethylbenz(a)anthracene 

Di-n-butylphthalate 

Acenaphthene 

Di-n-octylphthalate 

Acenaphthylene 

Diphenylamine/N- 

Nitrosodiphenylamine 

Acetophenone 

Ethyl  methanesulfonate 

Aniline 

Fluoranthene 

Anthracene 

Fluorene 

Benz(a)anthracene 

Hexachlorobenzene 

Benz(a)pyrene 

Hexachlorobutadiene 

Benzidine 

Hexachlorocyclopentadiene 

Benzo(b(fluoranthene 

Hexachloroethane 

Benzo(g,h,i)perylene 

Hexachloropropene 

Benzo(k)fluoranthene 

Indenod  ,2,3-cd)pyrene 

Benzoic  acid 

Isophorone 

Benzyl  alcohol 

Isosafrole 

bis(2-Chloroethoxy)methane  ' 

Kepone 

bis(2-Chloroethyl)ether 

Methapyrilene 

bis(2-Ch!oroisopropyl)ether 

Methyl  methanesulfonate 

Naphthalene 


Nitrobenzene 


N-Nitrosodiethylamine 


N-Nitrosodimethylamine 


N-Nitroso-di-n-butylamine 


N-Nitroso-di-n-propylamine 


N-Nitrosomethylethylamine 


N-Nitrosomorpholine 


N-Nitrosopiperidine 


N-Nitrosopyrrolidine 


o-Toluidine 


p-Chloroaniline 


P- 

Dimethylaminoazobenzene 


Pentachlorobenzene 


Pentachloroethane 


Pentachloronitrobenzene 


Pentachlorophenol 


Phenacetin 


Phenanthrene 


Phenol 


Pronamide 


Pyrene 


Pyridine 


Safrole 


sym-Trinitrobenzene 


Table  A-4.  Dioxin/Furan  Analyte  List  (EPA  SW-846  Method  8290) 


Dioxins 


2, 3,7,8- 

Tetrachlorodibenzo-p- 
dioxin  (TCDD) 

1,2,3, 7,8- 

Pentachlorodibenzo-p- 
dioxin  (PeCDD) 

1, 2,3, 4,7,8- 
Hexachlorodibenzo-p- 
dioxin  (HxCDD) 

1, 2,3,7, 8,9- 
Hexachlorodibenzo-p- 
dioxin  (HxCDD) 

1, 2,3, 4, 6,7,8- 
Heptachlorodibenzo-p- 
dioxin  (HpCDD) 

1,2,3, 4,6, 7,8,9- 
Octachlorodibenzo-p- 
dioxin  (OCDD) 

Furans 


2, 3,7,8- 

Tetrachlorodibenzofuran 

(TCDF) 

1, 2,3, 7,8- 

Pentachlorodibenzofuran 

(PeCDF) 

1, 2,3, 6,7,8- 
Hexachlorodibenzofuran 
(HxCDF) 

2,3, 4,6, 7,8- 
Hexachlorodibenzofuran 
(HxCDF) 

1, 2, 3,4,7, 8,9- 
Heptachlorodibenzofuran 
(HpCDF) 

1, 2, 3, 4,6, 7,8,9- 
Octachlorodibenzofuran 
(OCDF) 

1 ,2,3, 6,7,8- 
Hexachlorodibenzo-p- 
dioxin  (HxCDD) 


2,3,4, 7,8- 

Pentachlorodibenzofuran 

(PeCDF) 


1,2, 3, 7,8,9- 
Hexachlorodibenzofuran 
(HxCDF) 


1, 2,3, 4,7,8- 
Hexachlorodibenzofuran 
(HxCDF) 


1, 2, 3,4, 6,7,8- 
Heptachlorodibenzofuran 
(HpCDF) 
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HCI/CIa  levels  were  too  low  to  be  reliably 
measured. 


HCI/Clj  levels  were  too  low  to  be  reliably 
measured. 


Table  B-1.  (Continued) 
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APPENDIX  l-C.  SAMPLE  CALCULATIONS 
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RADIAN  INTERNATIONAL 

A  DAMES  4  MOORE  GROUP  COMPANy 


CALCULATION  SHEET 


Calc.  No.  1 


Signature  William  L.  McCarter _  Date  02/01/99  Checked _ John  Carson _ Date _ 02/02/99 

Project  AEC  Phase  I  Emissions  Characterization _ Job  No. _ 655257.05 

Subject  AEC  Munition  Item  Data  Sheet  for  Sample  Calculations _ 


Munition  Item:  Booby  T rap  Flash  (all  other  munition  items  are  calculated  similarly) 

No.  of  Runs:  1  [multiple  runs  (i.e.,  more  than  one  run)  are  averaged  to  calculate  the  final  emission  factor] 

No.  of  Items:  29 

EMISSION  FACTOR  CALCULATION  INPUT  DATA 
Input  Data  Given  (Appendix  ll-A,  Tables  A-1  and  A-2): 


Sample  Volumes  are  calculated  based  on 
the  average  sample  flow  rate  measured 
by  sample  flow  meters  used  as  part  of  the 
sampling  system.  Flowrates  are  measured 
in  actual  ft3/min.  The  total  sample  volume 
is  then  calculated  as  ft3/min  x  sample 
time  (min)  and  recorded  as  standard 
ft3  (at  20  °C,  760  mmHg). 


Sample  Weight  Gain  is  the  net  weight  change 
between  the  initial  and  final  particulate  weights. 
Each  filter  is  preweighed  for  a  "tare"  weight 
and  the  filter  is  reweighed  after  drying  to 
determine  the  net  particulate  gain. 


Sample  Volumes  (ft3): 

Train  A 

Train  B 

Avg. 

Bkgd. 

TSP 

708.85 

851.28 

780.07 

1497.2 

PMt0 

310.41 

199.9 

255.16 

987.9 

Metals 

708.85 

851.28 

780.07 

1497.2 

VOCs 

NA 

NA 

NA 

NA 

SVOCs 

83.82 

73.19 

78.51 

119.6 

hci/ci2 

25.58 

26.73 

26.16 

28.16 

Dioxin/Furan 

100.47 

81.98 

91.23 

150.2 

Sample  Weight  Gain  (g): 

Train  A 

T rain  B 

Avg. 

Bkgd. 

TSP 

0.6549 

0.6869 

0.6709 

0.0035 

PM10 

0.3199 

0.3557 

0.3378 

0.0032 

Dilution  Correction  Factors  (Appendix  ll-A  and  ll-B): 

To  determine  the  percent  plume  sampled  for  concentration  correction  factor. 


Decay  Equation  For  Booby  Trap  Flash  Run: 


y  =  353.43e‘00,56>t 


C  = 
a  = 

Start  Time  (min)  [A]  = 
Stop  Time  (min)  [B]  = 
Sample  Duration  (min)  [D]  = 


353.43  Initial  Tracer  Concentration  (y-intercept) 
-0.0156  (slope  of  regression  line) 


0 

25 

25 


1 .  The  methodology  consists  of  determining  the  average  tracer  concentration  by  integrating  the  decay  equation  over  the  sample  duration. 

2.  The  methodology  calculates  the  average  tracer  concentration  for  the  appropriate  sample  duration. 

3.  Knowing  the  initial  concentration  and  the  average  concentration,  the  percent  plumed  sampled  is  then  calculated  from  that  ratio: 

Average  tracer  concentration  =  C  /  a  [  (eA#a  -  eB‘a)  /  D  ] 

=1  293 | 

Dilution  Factor  (Percent  Plume  Sampled)  =  Average  tracer  concentration  /  C  *  100 

=|  82.87]  Note:  the  VOC  dilution  factor  is  determined  for 

each  VOC  cannister. 

See  OGI  VOC  data  for  plume  volume 
Initial  Plume  Volume  (m3)  in 
BangBox: 

1026.43  m3 
ft3 


Known  (total  for  all  items) 

Net  Explosive  Weight  (g): 

101.29  g 
|  0.22 1  lb 


36248 


Dilution  Correction  Factors 

Run  No.  1 

TSP 

0.8281 

PM10 

0.9259 

Metals 

0.8281 

VOCs 

0.9153 

SVOCs 

0.8281 

HCI/CI2 

0.8281 

Dioxin/Furan 

0.8281 

CEM 

0.8281 

Sample  Calculation 
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RADIAN  INTERNATIONAL 

A  DAMES  *  MOORE  GROUP  COMPANy 


CALCULATION  SHEET 


Signature  William  L.  McCarter _  Date  02/01/99  Checked. 

Project  AEC  Phase  I  Emissions  Characterization _ 

Subject  AEC  Munition  Item  TSP/PMm  Data  Sheet  for  Sample  Calculations _ 


Calc.  No.  1 


John  Carson _ Date _ 02/02/99 

_  Job  No. _ 655257.05 


EMISSION  FACTOR  CALCULATION  OF  TSP/PMm  DATA 
Input  Data  Given  (Appendix  ll-A,  Tables  A-1  and  A-2  and  Appendix  ll-C,  Tables  C-1  and  C-2): 


Sample  Volumes  (ft3):  Train  A  Train  B  Avg. 

TSP  708.85  851.28  780.07 

PM10  310.41  199.9  255.16 


Sample  Weight  Gain  (g):  |  Train  A  Train  B  Avg.  j 


Average  and  Background  Concentrations  (Appendix  ll-A,  Tables  A-3  and  A-4,  Appendix  ll-C,  Tables  C-1  and  C-2): 


Train  A 

Train  B 

Avg. 

Bkgd. 

708.85 

851.28 

780.07 

1497.2 

310.41 

199.9 

255.16 

987.9 

Train  A 

Train  B 

Avg. 

Bkgd. 

0.6549 

0.6869 

0.6709 

0.0035 

0.3199 

0.3557 

0.3378 

0.0032 

TSP  Train  A  Concentration  (mg/m3)  = 


TSP  Train  A  Concentration  (mg/m3)  = 


[Weight  Gain  (g)  x  (1  mg  / 10  9)] 

[Train  A  Sample  Volume  (ft3)  x  1  m3/  35.3145  ft3] 


654.9  mg 


3.26E+01  mg/m3 


TSP  Train  B  Concentration  (mg/m3)  = 

Average  Concentration  (mg/m3)  = 

Background  Concentration  (mg/m3)  = 
Corrected  Concentrations  (Appendix  ll-A,  Table  A-4): 


686.9  mg  =  2.85E+01  mg/m 


24.1  m 

3.06E+01  mg/m3 
|  8.26E-02  mg/m3 


Average  Concentration  (mg/m3)  =  3.06E+01  - 
Background  Concentration  (mg/m3)  =  8.26E-02 
Background  Corrected  Concentration  [BCC]  (mg/m3)  =|  3.05E+0l] 


Dilution  Correction  Factor  [DCF]  =  0.8281 

Corrected  Concentration  [CC]  (mg/m3)  =1 3.68E+0T 
Initial  Plume  Volume  (ft3)  =  36248 

Sample  Total  Material  (lb)  in  BangBox  =|  8.33E-02 

Number  of  Items  =  29 

Net  Explosive  Weight  (lb)  =  0.22 


These  are  the  calculated  sample  concentrations 
for  the  TSP  data.  The  PM10  data  is  calculated 
similarly. 


Subtraction  of  background  concentration 
from  the  average  concentration 


=  BCC  /  DCF 


=  [CC  X  (1  O'3  g  /  mg)  x  (2.20462  lb  / 1 000  g)]  x 
[Initial  Plume  Volume  (ft3)  x  (1  m3  /  35.3145  ft3)] 


TSP  Corrected  Emission  Factor  (Ib/item)  =  2.87E-03 
TSP  Corrected  Emission  Factor  (Ib/lb  NEW)  =  3.73E-01 


Sample  Calculation 
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RADIAN  INTERNATIONAL 

A  DAMES  &  MOORE  GROUP  COMRANy 


CALCULATION  SHEET 


Signature  William  L,  McCarter _  Date  02/01/99 

Project  AEC  Phase  I  Emissions  Characterization _ 

Subject  AEC  Munition  Item  Metals  Data  Sheet  for  Sample  Calculations 


Checked 


Calc.  No.  1 


John  Carson _ Date _ 02/02/99 

_  Job  No. _ 655257.05 


EMISSION  FACTOR  CALCULATION  OF  METALS  DATA 
Input  Data  Given  (Appendix  11-A,  Tables  A-1  and  A-2): 


Metal  concentrations  are 
determined  from  digestion 
and  analysis  of  the  TSP. 


Sample  Volumes  (ft3): 

Train  A 

Train  B 

Avg. 

Bkgd. 

TSP 

708.85 

851.28 

780.07 

1497.2 

Metals 

708.85 

851.28 

780.07 

1497.2 

Sample  Weight  Gain  (g): 

Train  A 

Train  B 

Avg. 

Bkgd. 

TSP 

0.6549 

0.6869 

0.6709 

0.0035 

Average  and  Background  Concentrations  (Appendix  ll-A,  Tables  A-3  and  A-4,  Appendix  ll-D,  Tables  D-1  to  D-3): 

Phosphorus  Train  A  Concentration  (mg/m3)  =  [Amount  Detected  (mg/kg)  x  Weight  Gain  (g)  x  (1  kg  / 1000  g)] 

[Train  A  Sample  Volume  (ff)  x  1  m3  /  35.3145  ft3] 


Phosphorus  Train  A  Concentration  (mg/m3)  =  4.78  mg 


Phosphorus  Train  B  Concentration  (mg/m3)  = 


Average  Concentration  (mg/m 


5.17  mg 
24.1  m3 

2.26E-01  mg/m* 


Corrected  Concentrations  (Appendix  ll-A,  Table  A-4): 

Average  Concentration  (mg/m3)  =  2.26E-01  - 

Background  Concentration  (mg/m3)  = _ NA 

Background  Corrected  Concentration  [BCC]  (mg/m3)  =|  2.26E-0? 


Dilution  Correction  Factor  [DCF]  =  0.8281 

Corrected  Concentration  [CC]  (mg/m3)  =1  2.73E-of| 
Initial  Plume  Volume  (ft3)  =  36248 

Sample  Total  Material  (lb)  in  BangBox  =|  6.19E-04] 

Number  of  Items  =  29 

Net  Explosive  Weight  (lb)  =  0.22 


2.38E-01  mg/m3  The  phosphorus  concentration 
is  from  analytical  data. 

2.15E-01  mg/m3 


These  are  the  calculated  sample  concentrations 
are  for  the  Phosphorus  data.  The  other  metals 
data  is  calculated  similarly. 


Insufficient  material  to  analyze 
Subtraction  of  background  concentration 
from  the  average  concentration 


:  BCC  /  DCF 


=  [CC  x  (10*3  g  /  mg)  x  (2.20462  lb  / 1000  g)]  x 
[Initial  Plume  Volume  (ft3)  x  (1  m3  /  35.3145  ft3)] 


P  Corrected  Emission  Factor  (Ib/item)  =  2.13E-05 
P  Corrected  Emission  Factor  (Ib/Ib  NEW)  =  2.77E-03 


Sample  Calculation 
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A  DAMES  1  MOORE  GROU?  COMPANY 


CALCULATION  SHEET 


Calc.  No. 


Signature  William  L.  McCarter _  Date  02/01/99 

Project  AEC  Phase  I  Emissions  Characterization _ 

Subject  AEC  Munition  Item  VOC  Data  Sheet  for  Sample  Calculations 


Checked _ John  Carson _ Date _ 02/02/99 

_  Job  No. _ 655257.05 


EMISSION  FACTOR  CALCULATION  OF  VOC  DATA 
Input  Data  Given  (Appendix  ll-E,  Tables  E-1  to  E-4): 


Analytical  data  received  from  the 
OGI  Laboratory  comes  in  units 
of  iig/m3  or  ppbv.  The  data 
in  Appendix  ll-E  are  shown  and 
tabulated  separately. 


Concentration  Data  (OGI) 

Benzene  (ug/m3) 

Carbon  Disulfide  (ppbv) 


Sample  1  Sample  2 

Avg. 

4.7  4.8 

10.8  11.1 

4.75 

10.95 

4.75E-03 

3.46E-02 

Average  and  Background  Concentrations  (Appendix  ll-A,  Tables  A-5  and  A-6,  Appendix  ll-E,  Tables  E-1  to  E-4): 


To  express  at  standard  conditions:  p  =  1.01 33E+05  Pa  pV  =  nRT;n  =  m/  M 

R  =  8.314  m3  Pa/gmol  K  m  =  mass  (grams) 

T  =  293.15  K  V=  volume  (m3) 

Molecular  Weight  (MW)  =  76  g/gmot  (carbon  disulfide)  pV  =  m  R  T  /  MW 

m / V (g/m3)  =  4.16E-05  xMWxppmv  m/V  =  pMW/RT 

m  /  V  (mg/m3)  =  0.041 6  x  MW  x  ppmv  ppm  =  ppb  / 1 000 

ppbv  =  (mg/m3  /  0.041 6  /  MW)  x  1 000  mg/m3  =  ug/m3  / 1 000 

mg/m3  =  (ppbv  x  0.041 6  x  MW) /1 000 


pV  =  nRT;n  =  m/  MW 
m  =  mass  (grams) 

V  =  volume  (m3) 
pV  =  m  R  T  /  MW 
m  /  V  =  p  MW  /  R  T 
ppm  =  ppb  / 1 000 


mg/m3  = 


Average  Carbon  Disulfide  Concentration  (mg/m3)  =(o.Q416  x  76  x  10.95/ 1000 
Average  Carbon  Disulfide  Concentration  (mg/m3)  =  |  0.035  mg/m3  1 


4.75E-03  mg/m 
7.00E-04  mg/m3 


Average  Concentration  (mg/m3)  = 
Background  Concentration  (mg/m3) = 

Corrected  Concentrations  (Appendix  ll-A,  Table  A-6): 


Average  Concentration  (mg/m3)  =  4.75E-03  ■ 
Background  Concentration  (mg/m3)  =  7.00E-04 
Background  Corrected  Concentration  [BCC]  (mg/m3)  =1  4.05E-03 


Dilution  Correction  Factor  [DCF]  =  0.9153 

Corrected  Concentration  [CCJ  (mg/m3)  =1  4.42E-03 
Initial  Plume  Volume  (ft3)  =  36248 

Sample  Total  Material  (lb)  in  BangBox  =|  1.00E-05 

Number  of  Items  =  29 

Net  Explosive  Weight  (lb)  =  0.22 


J  These  are  the  calculated  sample  concentrations 
at  standard  conditions.  Emission  factor  calc’s 
for  all  VOCs  after  conversion  to  mg/m3  are  similar. 

Benzene  shown  below  is  used  as  an  example. 

]  BENZENE 

]  These  are  the  calculated  sample  concentrations 
for  the  benzene  data.  The  other  VOC  data  is 
calculated  similarly. 

BENZENE 

Subtraction  of  background  concentration 
from  the  average  concentration 

=  BCC  /  DCF 


=  [CC  x  (1 0‘3  g  /  mg)  x  (2.20462  lb  / 1 000  g)]  x 
[Initial  Plume  Volume  (ft3)  x  (1  m3  /  35.3145  ft3)] 


Benzene  Corrected  Emission  Factor  (Ib/item)  *  3.45E-07 
Benzene  Corrected  Emission  Factor  (Ib/lb  NEW) «  4.48E-05 


Sample  Calculation 
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CALCULATION  SHEET 


Signature  William  L.  McCarter _  Date  02/01/99 

Project  AEC  Phase  I  Emissions  Characterization _ 

Subject  AEC  Munition  Item  SVOC  Data  Sheet  for  Sample  Calculations 


Checked 


John  Carson _ Date . 

_ Job  No.  ' 


Calc.  No. 


02/02/99 

655257.05 


EMISSION  FACTOR  CALCULATION  OF  SVOC  DATA 


Input  Data  Given  (Appendix  ll-A,  Tables  A-1  and  A-2  and  Appendix  ll-F,  Tables  F-1  to  F-3): 


*For  one  sample  that  is  found  Concentration  and  Volume 
as  nondetect  (ND),  the  reported  Acetophenone  (ug) 
value  is  used  as  an  average.  SVOCs  (ft3) 


Train  A  Train  B 

Avg. 

Bkgd. 

0.86  ND* 

83.82  73.19 

0.86 

78.51 

0.95 

119.6 

Average  and  Background  Concentrations  (Appendix  ll-A,  Tables  A-7  and  A-8,  Appendix  ll-F,  Tables  F-1  to  F-3): 


SVOC  Train  A  Concentration  (mg/m3)  = 


SVOC  Train  A  Concentration  (mg/m3)  = 


[Sample  Concentration  (ug)  / 1000] 

[Train  A  Sample  Volume  (ft3)  x  1  m3/  35.3145  ft3] 


0.00086  mg  =  3.62E-04  mg/m3 


To  express  at  standard  conditions:  p  =  1 .0133E+05  Pa 

R  =  8.314  m3 

T  =  293.15  K 

Molecular  Weight  (MW)  =  120  g/g 


8.314  m  Pa/gmol  K 
293.15  K 

120  g/gmol  (acetophenone) 


m/V(g/m  )=  4.16E-05  x  MW x  ppmv 


m  /  V  (mg/m3)  = 
ppbv  = 


0.0416  x  MW  x  ppmv 


pV  =  nRT  ;  n  =  m  /  MW 
m  =  mass  (grams) 

V  =  volume  (m3) 
pV  =  m  R  T  /  MW 
m / V  =  p  MW / R  T 
ppm  =  ppb/ 1000 


(mg/m  /  0.041 6  /  MW)  x  1 000  mg/m  =  ug/rrr  / 1 000 


Average  Concentration  (ppbv)  =  |  0.073  ppbv 


Average  Concentration  (mg/m3)  =  [  3.62E-04  mg/m3 

Background  Concentration  (mg/m3)  =  1  2.81  E-04  mg/m3 


Corrected  Concentrations  (Appendix  ll-A,  Table  A-8): 

Average  Concentration  (mg/m3)  =  3.62E-04  - 
Background  Concentration  (mg/m3)  =  2.81  E-04 
Background  Corrected  Concentration  [BCC]  (mg/m3)  =|  8.15E-051 


Dilution  Correction  Factor  [DCF]  =  0.8281 

Corrected  Concentration  [CC]  (mg/m3)  =|  9.84E-05 
Initial  Plume  Volume  (ft3)  =  36248 

Sample  Total  Material  (lb)  in  BangBox  =|  2.23E-07] 

Number  of  Items  «  29 

Net  Explosive  Weight  (lb)  =  0.22 


These  are  the  calculated  sample  concentrations 
corrected  for  standard  conditions 

ACETOPHENONE 

These  are  the  calculated  sample  concentrations 
for  the  acetophenone  data.  The  other  SVOC  data 
is  calculated  similarly. 


Subtraction  of  background  concentration 
from  the  average  concentration 


=  BCC  /  DCF 


I  [CC  x  (10‘3  g  /  mg)  x  (2.20462  lb  / 1000  g)]  x 
[Initial  Plume  Volume  (ft3)  x  (1  m3  /  35.3145  ft3)] 


Acetophenone  Corrected  Emission  Factor  (Ib/item)  =  7.68E-09 
Acetophenone  Corrected  Emission  Factor  (Ib/lb  NEW)  =  9.98E-07 


Sample  Calculation 
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Signature  Wiltiam  L.  McCarter _  Date  02/01/99 _ 

Project  AEC  Phase  I  Emissions  Characterization _ 

Subject  AEC  Munition  Item  HCI/CU  Data  Sheet  for  Sample  Calculations 


Checked 


Calc.  No.  1 


John  Carson _ Date _ 02/02/99 

_  Job  No. _ 655257.05 


EMISSION  FACTOR  CALCULATION  OF  HCI/CI,  DATA 

Input  Data  Given  (Appendix  ll-A,  Tables  A-1  and  A-2  and  Appendix  ll-G,  Tables  G-1  to  G-3): 

Concentration  data  determined  _ _ _ _ 

via  Method  26  impinger  train  with  Concentration  and  Volume  Train  A  Train  B  Avg.  Bkgd.  N< 

H2S04  and  NaOHt  which  allows  NaOH  Impinger  (ug)  for  Cl2  11.8  50.75  31.28  2.00  foi 

the  determination  of  HCI  and  Cl2f  HCI/CI2  (ft3)  25.58  26.73  26.16  28.16  lin 

respectively.  [ _ _ _ _ 

Average  and  Background  Concentrations  (Appendix  ll-A,  Tables  A-3  and  A-4,  Appendix  ll-G,  Tables  G-1  to  G-3): 


Cl2  Train  A  Concentration  (mg/m3 


Cl2  Train  A  Concentration  (mg/m3)  = 


[Sample  Concentration  (ug)  / 1000] 

[Train  A  Sample  Volume  (ft3)  x  1  m3  /  35.3145  ft3] 


0.0118  mg 


1.63E-02  mg/ma 


Cl2  T rain  B  Concentration  (mg/m3)  =  j 

To  express  at  standard  conditions:  p  =  1 .0133E+05  Pa 

R  =  8.314  m3  Pa/gmol  K 

T  =  293.15  K 

Molecular  Weight  (MW)  =  70.9  g/gmol  (Cl2) 

m  /  V  (g/m3)  =  4.16E-05  x  MW  x  ppmv 

m  /  V  (mg/m3)  =  0.0416  x  MW  x  ppmv 


0,05075  mg  =  6.70E-02  mg/m3 


pV  =  nRT;n  =  m/MW 
m  =  mass  (grams) 

V  =  volume  (m3) 
pV  =  m  R  T  /  MW 
m / V  =  p  MW / R  T 
ppm  =  ppb/ 1000 


(mg/m3  /  0.041 6  /  MW)  x  1 000  mg/m3  =  ug/m3  / 1 000 


Average  Concentration  (ppbv) : 


14.128  ppbv 


2.51  E-03  mg/m3 


Average  Concentration  (mg/m3)  =  |  4.17E-02  mg/m 

Background  Concentration  (mg/m3)  =  |  2.51  E-03 "m 

Corrected  Concentrations  (Appendix  ll-A,  Table  A-4): 

Average  Concentration  (mg/m3)  =  4.17E-02  - 
Background  Concentration  (mg/m3)  =  2.51  E-03 
Background  Corrected  Concentration  [BCC]  (mg/m3)  =1  3.92E-02] 

Dilution  Correction  Factor  [DCF]  =  0.8281 

Corrected  Concentration  [CC]  (mg/m3)  =1  4.73E-02] 

Initial  Plume  Volume  (ft3)  =  36248 

Sample  Total  Material  (lb)  in  BangBox  =|  1.07E-04] 

Number  of  Items  =  29 

Net  Explosive  Weight  (lb)  =  0.22 


These  are  the  calculated  sample  concentrations 
corrected  for  standard  conditions 


These  are  the  calculated  sample  concentrations 
for  the  Cl2  data.  The  other  HCI/CI2  data 
is  calculated  similarly. 


Subtraction  of  background  concentration 
from  the  average  concentration 


=  BCC  /  DCF 


=  [CC  X  (10‘3  g  /  mg)  x  (2.20462  lb  / 1000  g)]  x 
[Initial  Plume  Volume  (ft3)  x  (1  m3  /  35.3145  ft3)] 


Cl2  Corrected  Emission  Factor  (Ib/item)  =  3.69E-06 
Cl2  Corrected  Emission  Factor  (Ib/lb  NEW)  =  4.79E-04 


Sample  Calculation 
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Signature  William  L.  McCarter _  Date  02/01/99 

Project  AEC  Phase  I  Emissions  Characterization _ 

Subject  AEC  Munition  Item  Dioxin/Furan  Data  Sheet  for  Sample  Calculations 


Checked 


Calc.  No.  1 


John  Carson _ Date _ 02/02/99 

■ _  Job  No. _ 655257.05 


EMISSION  FACTOR  CALCULATION  OF  DIOXIN/FURAN  DATA 


Input  Data  Given  (Appendix  ll-A,  Tables  A-1  and  A-2  and  Appendix  ll-H,  Tables  H-1  and  H-2): 


Dioxin/Furan  data  is  reported 
by  individual  isomer  and  as  the 
toxic  equivalent  (TEQ)  to 
2,3,7,8-TCDD  using  toxicity 
equivalency  factors. 

Units  are  in  picograms  (pg). 

1  pg  =  1  x  10-,2g 


Not  included  in  the 
TEQ  calculation. 


Concentration  and  Volume 

Train  A 

Train  B 

Dioxin/Furan  (ft3) 

100.47 

81.98 

Compound 

TEF 

!  Mass  (pg) 

1 ,2,3,4,6,7,8-HpCDD 

0.01 

7.9 

1 ,2,3,4,6,7,8,9-OCDD 

0.001 

70.4 

36 

Total  PeCDD 

ippi^r 

total  NnCDD 

■fill 

TEQ  | 

0.079  I 
0.036 


2.3.7. 8- TCDF 

1 1 .2.3.4.7.8- HxCDF  | 

1.2.3.6.7.8- HxCDF 

2.3.4.6.7.8- HxCDF 

1 ,2,3,4,6,7,8,9-OCDF 
Total  f  CDF 
Total  PeCDF 
Total  HxCPF  1 

Dioxin  TEQ 


|  Dioxin  TEQ _ | _ |  1.1404  |  1.3832  | 

Average  and  Background  Concentrations  (Appendix  ll-A,  Tables  A-3  and  A-4,  Appendix  ll-H,  Tables  H-1  and  H-2): 


Dioxin/Furan  Train  A  Concentration  (mg/m3)  = 


[Sample  Concentration  (pg)  x  (10  g  / 1  pg)  x  (1  mg  / 10  g)] 
[Train  A  Sample  Volume  (ft3)  x  1  m3  /  35.3145  ft3] 


Dioxin/Furan  Train  A  Concentration  (mg/m3)  =  1.14E-09  mg  =  4.01  E-10  mg/m3 


Dioxin/Furan  Train  B  Concentration  (mg/m3)  =  1.38E-09  mg  =  5.96E-10  mg/m3 


Average  Concentration  (mg/m  ) « 
Background  Concentration  (mg/m3)  = 


Corrected  Concentrations  (Appendix  ll-A,  Table  A-4): 


2.3  m 

4.98E-10  mg/rr? 
1.25E-10  mg/m5 


Average  Concentration  (mg/m  )  =  4.98E-10  - 
Background  Concentration  (mg/m3)  =  1.25E-10 
Background  Corrected  Concentration  [BCC]  (mg/m3)  =|  3.74E-10] 


Dilution  Correction  Factor  [DCF]  =  0.8281 

Corrected  Concentration  [CC]  (mg/m3)  =|  4.51E-10 
Initial  Plume  Volume  (ft3)  =  36248 

Sample  Total  Material  (lb)  in  BangBox  =1  1.02E-12] 

Number  of  Items  =  29 

Net  Explosive  Weight  (lb)  =  0.22 


These  are  the  calculated  sample  concentrations 
for  the  dioxin/furan  data.  The  other  dioxin/furan 
data  is  calculated  similarly. 


Subtraction  of  background  concentration 
from  the  average  concentration 


:  BCC  /  DCF 


=  [CC  x  (1  O’3  g  /  mg)  x  (2.20462  lb  / 1 000  g))  x 
[Initial  Plume  Volume  (ft3)  x  (1  m3  /  35.31 45  ft3)] 


Dioxin/Furan  Corrected  Emission  Factor  (Ib/item)  =  3.52E-14 
Dioxin/Furan  Corrected  Emission  Factor  (Ib/lb  NEW)  =  4.57E-12 


Sample  Calculation 
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Signature  William  L.  McCarter _  Date  02/01/99 
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Subject  AEC  Munition  Item  CEM  Data  Sheet  for  Sample  Calculations 


Checked 


John  Carson _ Date _ 02/02/99 

_ Job  No. _ 655257.05 


EMISSION  FACTOR  CALCULATION  OF  CEM  DATA 


Input  Data  Given  (Appendix  ll-A,  Table  A-1  and  Appendix  ll-l,  Table  M): 


Analytical  data  for  the  CO,  C02,  NOx, 
HCI,  and  SO2  continuous  analyzers  are 
recorded  electronically  by  the  Dugway 
Proving  Ground  Data  Acquisition 
System  (DAS). 


Concentration  Data  (CEM) 


NOx  Run  No.  1  (ppmv) 


Sample  1 

Avg. 

0.00972 

0.258861 

0.01 

0.26 

9.720 

258.861 

Average  and  Background  Concentrations  (Appendix  ll-A,  Tables  A-3  and  A-4,  Appendix  ll-l,  Table  1-1): 


To  express  at  standard  conditions: 


p=  1.0133E+05  Pa 


R  = 
T  = 

Molecular  Weight  (MW)  = 


8.314  m  Pa/gmol  K 
293.15  K 

46  g/gmol  (NOx) 


m  /  V  (g/m  )  =  4.1 6E-05  x  MW  x  ppmv 


m  /  V  (mg/m  )  = 
ppbv  = 


0.0416  x  MW  x  ppmv 


pV  =  nRT  ;  n  =  m  /  MW 
m  =  mass  (grams) 

V  =  volume  (m3) 
pV  -  m  R  T  /  MW 
m / V  =  p  MW / R  T 
ppm  =  ppb  / 1000 


Average  Concentration  (mg/m3 


(mg/m3  /  0.041 6  /  MW)  x  1 000  mg/m3  =  ug/m3  / 1 000 
I  4.95E-01  mg/m3  I  These  are  the  calci 


Background  Concentration  (mg/m  )  = 


Corrected  Concentrations  (Appendix  ll-A,  Table  A-4): 


1.86E-02  mg/m 


These  are  the  calculated  sample  concentrations 
corrected  for  standard  conditions 

These  are  the  calculated  sample  concentrations 
for  the  NOx  data.  The  other  CEM  data  is 
calculated  similarly. 


Average  Concentration  (mg/m3)  =  4.95E-01  - 
Background  Concentration  (mg/m3)  -  1.86E-02 
Background  Corrected  Concentration  [BCC]  (mg/m3)  =|  4.77E-0? 


Dilution  Correction  Factor  [DCF]  =  0.8281 

Corrected  Concentration  [CC]  (mg/m3)  =1  5.76E-0l] 
Initial  Plume  Volume  (ft3)  =  36248 

Sample  Total  Material  (lb)  In  BangBox  =[  1.30E-03] 

Number  of  Items  =  29 

Net  Explosive  Weight  (lb)  =  0.22 


Subtraction  of  background  concentration 
from  the  average  concentration 


=  BCC /DCF 


=  [CC  x  (1 0'3  g  /  mg)  x  (2.20462  lb  /  1 000  g)]  x 
[Initial  Plume  Volume  (ft3)  x  (1  m3  /  35.3145  ft3)] 


Sample  Calculation 
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Signature  William  L.  McCarter 


Date 


02/01/99 


Checked 


John  Carson 


Date 


02/02/99 


Project  AEC  Phase  I  Emissions  Characterization 


Job  No. 


655257.05 


Subject  AEC  Munition  Item  Data  Evaluation  Sheet  for  Sample  Calculations 


DATA  EVALUATION  CALCULATION  OF  DATA  "QUALIFIERS 
Input  Data  Given  (Data  Evaluation  pages  in  Appendix  ll-A): 


this  example  is  for  SVOC  data  only,  all  other  data  qualifiers  are  calculated 
similarly. 


Average  Concentration  (mg/m3)  = 


3.62E-04  mg/m 


Background  Concentration  (mg/m3)  =  ]  2.81  E-04  mg/m3 


Minimum  Detection  Limit  Concentration  (mg/m3)  =|  1.33E-04  mg/nrr 


For  the  example  using  SVOC  data,  see  Appendix  ll-F,  Table  F-3. 


Background  Evaluation  Criteria  = 

Background  Evaluation  Note  = 
Minimum  DL  Evaluation  Criteria  = 


I  i-a  I 


r~ cm 

I  2-73  I 


ACETOPHENONE 

These  are  the  calculated  sample  concentrations 
for  the  acetophenone  data.  The  other  SVOC  data 
is  calculated  similarly. 

The  minimum  detection  limit  is  based  upon  the 
minimum  analytical  detection  limit  and  the 
average  sample  volume.  For  the  metals,  the 
average  TSP  mass  is  used. 

Average  Concentration 


Background  Concentration 


Average  Concentration 
Minimum  DL  Concentration 


Minimum  DL  Evaluation  Note : 


A  -  Identified  as  a  contaminant  (greater  than  or  equal  to  10  times  background  or  minimum  MQL) 

B  =  Likely  contaminant  (less  than  10  and  greater  than  or  equal  to  5  times  background  or  minimum  MQL) 

C  =  Probable  contaminant  (less  than  5  and  greater  than  or  equal  to  2  times  background  or  minimum  MQL) 

D  =  Measured,  but  accuracy  or  presence  questionable  (less  than  2  and  greater  than  or  equal  to  1  times  background  or  minimum  MQL) 
F  =  Not  considered  a  contaminant  (less  than  1  times  background  or  minimum  MQL) 


Sample  Calculation 
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APPENDIX  l-D.  MIDAS  DATA 


This  page  intentionally  left  blank. 


Table  D-1.  Simulator  Booby  Trap  Flash  Ml  17  MIDAS  Data 


Table  D-2.  Simulator  Flash  Artillery  MIDAS  Data 


Table  D-3.  Simulator  Hand  Grenade  MIDAS  Data 


Table  D-4.  Simulator  Ground  Burst  MIDAS  Data 


Table  D-5.  Green  Star  Cluster  Signal  Flare  MIDAS  Data 


Table  D-5.  (Continued) 


Table  D-6.  Green  Parachute  Signal  Flare  MIDAS  Data 


Table  D-7.  White  Parachute  Signal  Flare  MIDAS  Data 


J  U>  If)  Ifl 

o  o  o  o 
LLi  ULl  LLl  LLJ 

W  t-  N  N 
C\J  r-  CO  CO 
0>  lO  CM  CO 


Table  D-7.  (Continued) 


Table  D-8.  155mm  Illumination  Round  MIDAS  Data 


